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Introduction 


The International Aircraft Cabin Air Conferences are developing into a series of conferences 
organized every two years. The conferences are mapping the business, regulatory and 


technical solutions to aircraft cabin air contamination. 


The conferences in 2017 and 2019 provided networking opportunities for those seeking to 
understand the subject of contaminated air, the flight safety implications, the latest 
scientific and medical evidence investigating the contaminated air debate and the solutions 
available to airlines and aircraft operators. The two conferences held so far have been the 


most in-depth conferences ever on the topic of aircraft cabin air contamination. 


By way of expert global independent and industry speakers, the Aircraft Cabin Air 
Conferences seek to achieve the following key objectives: 


e Provide a historical overview of the contaminated air issue and its causes. 

e Map out the flight safety aspects of contaminated air through case studies, discussion 
and air accident investigation findings. 

e Disseminate the latest medical and scientific theories and findings on the health aspects 
of exposure to contaminated air. 

e Give guidance of the regulatory aspects of cabin air quality. 

e Examine the latest development towards bleed air filtration, contaminated air warning 
sensor systems and other potential solutions. 

e Provide an opportunity for networking and sharing good practice to facilitate better 


inter-agency working. 


Please refer to the 

Conference Programme 2019 (https://doi.org/10.5281/zenodo.4554737) 
for additional information not repeated here: 

e Sponsors and Supporters 

e Welcome by the Conference Director, Captain Tristan Loraine 

e Contaminated Cabin Air Key Timeline 1930 — 2019 

e Agenda 

e Introduction to the GCAQE 

e Bleed Air Simplified 


e Conference Speakers 


In total 30 presentations were given at the 2019 International Aircraft Cabin Air Conference 
(ACA 2019). This document contains the 25 presentations provided by the authors. It 
combines the presentations into one PDF for further dissemination and archiving. 


Single presentations can be retrieved for reading and can be quoted conveniently also by 
their individual Digital Object Identifier (DOI). They are listed on the Conference Proceedings 
Homepage: https://zenodo.org/communities/aircraftcabinair. The DOI of each presentation 


is given in the Table of Contents. 
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29 filmed presentations of the Aircraft Cabin Air Conference 2019 are available at 
https://vimeo.com/ondemand/aca2019 for purchase. A trailer can be played and gives an 


impression of the two conferences. 


The presentations were formatted by the authors. They are given here in alphabetical order 


by author last name. 


Neither the conference organizers nor the editors or publishers can be held responsible for 


inaccuracies or errors in any included presentation. 
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Fume events on aircraft: 
“How often?” 
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Study: ‘Toxic Air Events’ Happening On More Flights Than 
FAA Reports 


FOLLOW US 


OUR NEWSLETTER 


7 Sign up and get our latest 
delivered right to your ink 







Subscribe Now 
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What events must be reported ? 


¢ Service Difficulty Reporting regulation 
14CFR121.703 


— Requires US airlines to report each “failure, 
malfunction, or defect” that causes “smoke, vapor, 
Ko).4(ome) am ale). ((elU miei pal=tsman nom leelUlaalelt-in-vcellaeeli-1k> 
Olea laycamaltcaauem Qu dal=x=1;cme) ©) me) omc =telal aller] I\VAme) amu ar= 
eA goley atom |mmaalsm-liallalom mem a al-mme)elialrelamenaarclemiiicaane 
Safety could have been “endangered” 


— Excludes events that are reported at the gate, during 
taxi out, after landing (UNLESS the airline deems that 
flight safety could have been compromised) 


— Excludes “NFF” — such as slow internal leak, worn but 
‘alelem rl i(=xemci=t-1 PRO)". =) x2) AYO ate 


Federal Aviation 





Run Query Clear Query Criteria Return to the Main Menu 


Query Criteria (Note: Recently submitted 5DR's are not available until the FAA approves the submission.) 


Po (Searching by Operator Control Number will allow you to check the status of a 
Operator Control # 


SUBMISSION. } 


Operator 
Designator 


Difficulty Date: [ To | (mmiddiyyyy) 
From 


SJASC(ATA) Code | || 

* Aircraft Make fs »| * Aircraft Model 
“Engine Make PY »| “Engine Model 
“Propeller Make PS ~ “Propeller Model 


A - " 1 1 : : : 
Problem PO (Searching this field will affect query time!) 
Description 


httos://av-info.faa.gov/sdrx/Query.aspx 
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am \V/K=xeate] aller] mialaslaaeleld(e)amat=) ele)adlatcmact40ltclulele 

14CFR121.705 

— Each “interruption to a scheduled flight,” diversion, tail 
swap, etc. caused by known or suspected mechanical 
difficulties or malfunctions not required to be reported 
under SDR rule 

sev leM Galcmeolel(omialeierer-mallaal-cmelamual-c4ae)0lalemnar-lmerleKi-r0 
cancelation, diversion, etc. even if a mechanical 


difficulty was only suspected... 


¢ Hard to tally/track because there is no central 
database (the Certificate Management Office for 
¥eLolaleclidlialomaatclialecliakmearsiaa) merci avemdals\varlacmelaly 


kept for one year. 


@®: Appanbiorlihiesat FAA Aviation Safety Information Analysis and Sharing (ASIAS) 






Welcome Data & Information Studies 

















Welcome ‘|, Source Database (/A-E) 
FAA Accident and Incident Data System (AIDS) 
System Information AIDS Search Form Search AIDS = Clear Search = Cancel 


Learn about the AIDS 
Reporting System 


Narrative 


AIDS Reporting 
a ; Narrative Search 
System Business 


Rules 


AIDS Reporting é 
System Data 
Dictionary 


Event Reset Event 


System Metrics 
AIDS Report Nbr Event Start Date Event End Date 


| | 





wAV-W_-Xorol (o (=) ahemr-]alem |arelle(=i aim Dy-licms)'A10-] 00m OAVIDS) MU dallolamee)aiieliars 
incident records “gathered from several sources” including incidents 
iG) ele) au=lome)am w-V-W-\oel(o(=)aler-] arom | avel(e(=lauum aX) ole) au alcal mela tse P40 nese) 
dare) mcm aatclalers1e)a\am ¢l=) au w-V-WO@lae(-1ars\0740m MADE AON Rs) 


www.asias.faa.gov/apex/f?p=100:12:::NO::: 





FAA Form 8020-23: 
p-Nerel[ol=1aiaa lave (salem a\=) elela mi me)aag 


an | areicek=dalecmaale liam ol=m aa) ole) at=1e Maem Vameloelelaaclale=melaalals 


darelamc)am-(Xelel=) alam bscvelerr-]n=1em\\idalmd atmo) el-1e-)ele)ame) mle 
aircraft, which affects or could affect the safety of 
operation. (FAA Order 8020.11D, 2018) 


Excerpt from 
reporting 
form: 





CC 


The FAA guidance to its inspectors on how to meet this 
incident reporting order lists various incident types; NMAC, PD 


4) Unidentified Flying Object (UFO). If any FAA employee receives a report of a UFO. t 


on of higher learning that has expressed interest in such reports. If concern is expressed that 1 


(UV @] go [=1 ar= 3c) 010m MaA\ (0) re 
Ch.1, 7-36(C)(4)) 


http://fsims.faa.gov/wdocs/8900.1/vO7%20investigation/chapter%2001/07 001 O02 
chg 54c.htm 


One answer to “how often” 


FAA MODERNIZATION AND REFORM ACT OF 
2012 


SEC. 917. RESEARCH AND DEVELOPMENT OF EQUIPMENT TO CLEAN AND 
MONITOR THE ENGINE AND APU BLEED AIR SUPPLIED ON PRESSURIZED 


AIRCRAFT. 


(a) In General. -- Not later than 60 days after the date of enactment of this Act, the 
Administrator, to the extent practicable. 





REPORT TO CONGRESS 


ANG g 16. 2013 Pub. L. No. 112-95, 126 Stat. 11 (2012) 
} 


FAA MODERNIZATION AND REFORM ACT OF 2012 


(18 months later)... SECTION 917 


RESEARCH AND DEVELOPMENT OF EQUIPMENT TO CLEAN AND 
MONITOR THE ENGINE AND AUXILIARY POWER UNIT (APU) BLEED ATR 
SUPPLIED ON PRESSURIZED AIRCRAFT 


Data Search: 


Reported events considered 1n this assessment were collected through the Service Difficulty 
Reporting System (SDRS), National Transportation Safety Board (NTSB), FAA Accident 
Incident System (AIDS), and the FAA Voluntary Disclosure Reporting Program (V DRP). 


Each of these data sources was searched, using a text miming concept (including the terms: 
fume, odor, smell, smoke, and bleed air), for air carrer events of cabin air contamination by 
hydraulic or o1l particulates. 


A total of 69 events over a ten year penod between 2002 through 2011 were found and 
reviewed. None of these reported events involved known injuries, fatalities, or damage as 
defined by 49 CFR Part 830’. These events are summarized as follows: 


e Events involving oi contamination, 18. 
e Events involving hydraulic ol contamination, 0. 
e Events involving other contamination (smoke, fumes, other unknown), 51. 





Summary of that FAA “report” 


Or 1 event per 5.8 million flights 


The FAA conducted a safety database assessment of airliner cabin air quality events involving 
Part 121 commercial airline operators. 






, While there 





po In formulating the annual aviation safety research portfolio, the 


FAA evaluates the relative nsk of aviation safety hazards and the potential for safety 


improvement. The FAA will continue to consider cabin safety nsk and sponsor research in 
this area appropriate to the nisk level. 
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Facts are stubborn, 
but statistics are more pliable. 


- Mark Twain 
Writer 


Wa ~) Federal Aviation 
S099) Administration 





FOIA Form 
Your request has been submitted 





FAA response to FOIA request 


eV WAN AVA aaleci mantel <omclamlaliatel 
response to FOIA request within 
VAOM ol UI alescmers NAF 


¢ | received my first response after 
83 business days 





¢ 383 business days after my initial 
request, including resubmitting it, 
Aatc).diayoa e)alelatomer-likcw-lalemcy-yarell ays 
countless emails... 











WARNING: The AID and SDR records 

provided on the enclosed CD-Rom are only 

accurate as of the day that the CD-Rom was 

made. Release of information from this CD- 

Rom after the date of production may involy’” 

the release of records that are inaccura’ 
~er valid. 


a a, 
me a 





10 years of fume event data 


e That CD listed 15,885 SDR records, each of which 
(Xo) ait] larsreme) al=me) am aale)q=me) mu alsts1-m',(0) ce omnelaalommelele)lemciaal=1ip 
smoke, bleed air; also, 365 AIDS reports 


¢ Focusing on the SDRs, | excluded 3,448 SDRs that did not 
TAN Vce)AVsmaelaalsx¥Acianle).<c¥aatePAom [amu aromers] o)lavaill-4simce(ste. em 
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e | reviewed the remaining 12,437 SDRs and sorted each 
Talcom dalsm4qele) ome) amnalsmal=>.¢mmc)|(e(semr-leee)aellalcmueme(-ilalcre 
od 1X) ate e-Val=).4 01-1 ae gal =telar-lallom-) alomr-m e)i (elem al=1)el-lemaalomuaian 
the 586 reports | wasn't sure about, general questions... 


¢ Data on next slide has undergone “first pass” review and 
classification, subject to review. Please do not cite (yet). 








Electrical 4,531 36% 
Bleed source (but specifics not defined) 1,799 14% 
Oil 1,336 11% 
Fan 1,027 8.3% 
Fuel 635 5.1% 
Oven 387 3.1% 
Hydraulic fluid 168 1.4% 
Deicing fluid 137 1.1% 
Duct (blown, disconnected, clogged} 106 0.9% 
Battery 73 0.6% 
Bird strike 42 0.3% 
Engine wash 40 0.3% 
Other, defined but not listed (mostly packs) 1919 8.2% 





Source UNKNOWN or too vague to classify 1,193 10% 


= Category description | Nreports % total 





Confirmed/consistent with oil fumes in supply air 
2 Contaminated bleed source (specifics not defined) 
3. Other (mostly defective/failed pack issues) 


4/5 Unknown (fault not found or insufficient details) 


APL AUTO SHUTDOWN vvITH SMOKE IN CABIN. FOUND THREADS STRIPPED AT THE GEARBOs HOUSING OIL OUTLET 


1,336 
1,799 
1,019 
1,193 


11% 
14% 
8.2% 
10% 


1 )|PORT. THIS CONDITION LEAD TC.AN EXTERNAL OILLEAK. THE CIL'WAS THEN DRAWN INTO THE INLET THUS 


CAUSING THE SMOKE IN CABIN. BORESCOPE OF THE POWER SECTION REVEALED DIFFUSER VANE EROSION AND 


HOT SECTION DETERIORATION. REPLACED APU 


DURING CLIMB, THE LEFT AFT SMORE DETECTOR SOUNDED AND FLIGHT ATTENDANTS REPORTED ODOR IN THE 
2 | CABIN. FLIGHT CREW RETURNED TO DEPARTURE AIRPORT. MAINTENANCE REPLACED COALESCER SOCKS AND 


FERFORMED 4A PACK BURNOUT. APU ON MEL. 


FLT 5/45-HS¥-LLT - RETURNED TO FIELD DUE TO SMOKE IN THE CABIN WITH PACK OPERATION. MAIN TENANCE 
3 7) TROUBLESHOOT AND ISOLATED THE RIGHT, CA4USING THE SMOKE. MAINTENANCE REPLACED THE RIGHT PACK. OF 
CHECKS GOOD. THE AIRCRAFT WAS RETURNED TO SERVICE. (MM) 





DURING CLIMB THROUGH 15,000 FT, THE CREW REPORTED THE ODOR OF SMOKE IN THE CABIN AND FLIGHT DECK. 
THE AIRCRAFT RETURNED TO 14H AND LANDED WITHOUT INCIDENT VWwHERE MAINTENANCE INSPECTED THE 
4 WaIRCRAFT. ENGINE RUNS WERE PERFORMED OPERATING THE PFRESSURIZA TION, AIR CONDITIONING, AND BLEED 


SsyYoTEMS AND TAE ODOR COULD NOT BE DUPLICATED. THE AIRCRAFT WAS TEST FLOWN SATISFACTORILY WITH 


NO ODOR OF SMOKE IN THE CABIN OR FLIGHT DECK. 


-) OMvERSION DUE TO ODOR IN AFT CABIN, Me IN PROGRESS. 


Wife) ceiaraleniaysas 


¢ The source of at least 10% of these fume events was 
Wral aaron savaelarer=valalvepurclalemr-laleldal-lam&-Scuomiiclasmae)alcia-lall 
with a bleed source but not defined. Data shows: 


sanrrra sat: 1 Gl w VA) alelel (om-leromcye)aar=maale)aomcir-]aler-]aelr4-1omelel stare) aicme)amnal= 
)D) waco) gaamaat-iar-lidllalsxmclele)aali aml ame) ael-) annem aale)a-mellct-)alme(=iilaromaar= 
causes. 

— ,..airlines struggle to define the sources of fumes and would 
benefit from reliable sensors that can, at a minimum, distinguish 
oil, hydraulic, and fuel, and also electrical (incl. fans), if there are 


elke) elromaatela cele ae 


ma wAV-Wac alolel (om allem eats] <ome] om alllaalel-lacmeomeliaiavmlar-led(elamne 
Congress and should not take 383 business days to respond 
oer} iaa] e)(omer-lecm acre [este 





Characterization of the frequency and nature of bleed air 
contamination events in commercial aircraft 


M. Shehadi, B. Jones, M. Hosni 


Mechanical and Wuclear Engineering Department, 
Kansas state University, Manhattan, Rs, USA 


Abstract Contamination of the bleed air used to pressurize and ventilate aircraft 
cabins 18 of concern due to the potental health and safety hazards for 
passengers and crew. 
































































































































as the underreporting is more or less uniform, there 
should be no large relative impact in terms of the com- 
parisons between aircraft models. It is entirely possi- 
ble that underreporting could vary considerably from 
airlme to airline due to reporting policies and other 
factors. 


Another answer to “how often”, 
oye bXelemaareka me) em eAVAWer-l ke 


on NX =ho{ot- | halo) cole ave mmar-lm Oh W-llallal- ma-) elelancte 
5.4 bleed air events fleet-wide per day (on 
average, over six years, from 2007-12) 
(Shehadi et al., 2016). 


° If you take the “5.4 per day” documented over 
those six years and apply it to the 10 years, 
the number of fume events during the 10 
years will be closer to 20,000 (not 18). 


OTT Tale Mah cele-leliiomaelant=rm mre) ments) are 


¢ 2016 — published research paper 
oe AVAGO E- |=] 0Y- ks =1S 40 Oca 
¢ 1 event per 5,000 flights 


¢ 2013 - FAA report to Congress 

¢ Claimed FAA databases: 2002-11 
¢ 1 event per 5.8 million flights 

e “extremely low occurrence” 





Facts are stubborn, 
but statistics are more pliable. 


--U.S. Federal Aviation Admin. 


Are any of these data comprehensive? 
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¢ Undoubtedly, these data are only a subset of the 
airline-reported fume events in the US. 


James 110 a{ = eole (0) emi aal=11 Pm)a ale) ,<oPur-]alem e)(=\21em-|lamer-lacmaleyt 
the only search terms for fume events. 


¢ The reporting rules are very limited in scope. 


¢ There is evidence that airlines underreport. 


Tameaalaatclave 


¢ GLOBALLY, there are no national aviation fume event 
reporting systems for crews/passengers, despite decades 
0) im c=1eX0) palant=sarer-lae)amnemela=r-1n-me)al=e 


¢ Inthe US, the “service difficulty reporting” regulation 
excludes ground-based fume events and “NFF’ fume 
events, guaranteeing that the number of reported fume 
events will be significantly downplayed. 


° There is evidence that US airlines significantly underreport 
(even reportable) fume events to all three databases. 
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i ee : 5 = £- 5 = _ i] A, " 
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1. SDR language needs to change: 
sec. 171./03 
Service difficulty reports. 


(a) Each certifi _ donspaini _— report the occurrence or detection of 6a 


vapor or r toxic 0 or noxious ing rome in hee crew s coneericnans: or - pasbenger cabin 
during fight operation: 


(bo) For the purpose ’ heed section during HgAt o eration means the period from 
the moment he aircraft loaves the surface of the sarth on takeoff unt! it touche 

! Tatal iny person boards the aircraft aii the intention of either thigh 
or eabtinia work and until such time as all such persons have disembarked. 


rN aXe m= Ilailarssmc)arelel(em-leud ere] iia el=m al=)(om-(eero le] aim-le)(-mcom elie)’ maalcmastc40lt-lere)an 





@ |IcA0 


Re ee, an an e a 'e = 'e a ct O a : Cir 344-AN/202 





2. Mandate that airlines train crew and 
maintenance workers to recognize, respond 
to, and report fumes, per ICAO Circular 344- 
AN/202 


¢ Prompt recognition and response will mitigate 
exposure to fumes 

¢ Reliable reporting essential to defining and 
addressing the problem 

¢ Does not require any technology or changes to 
the aircraft; common sense 


BXsverolaalaatclarelsyemeleid(el ab 


CPN ai lal=mal=t-1e com ol-manlela-mel kyo alanliateiii ays 
customers 


¢ Absent aviation regulators actually doing their 
fo) eyar-}i al talstom alsx=xem com ol-maalela-morkvordlaaliar-lalale 
AUIS K0) gal =) AM-VI Mil al otom al clsxre mm Ke melast-lucme(=]ear-lalemrels 
non-bleed systems and bleed air filters/sensors 
by telling manufacturers that they want to buy 
them. (This is starting...) 


fi ee Federal Quiation Sdrriniatration 


In closing... 7 


Your requesthas been submitted 





¢ Late 2014, | filed another FOIA request with the 
wAVAWarcic).4lalcau ie) arse) o)Vae) mu al=molomuelaalom=aclale 
reports (and especially the 18 oil fume reports) 
that they told Congress about, plus 
oKorereraal=lalecid(e)almce)em ale) a aalek{=m a=] ele) a acMN [=] 48> 
selected. 


¢ And this time, after only 47 biz days and a few 
pestering emails, | received this response... 





$00 Independence Ave. 
Washington, PC ae 





3, Department 
of Transporation 
Federal Aviation 
Administration 


FEB 10 201 








Dea 











Your request was forwarded to multiple offices 1 in oa FE a to include me Witiee of the 
Associate Administrator for Aviation Safety (AVS). A records search was conducted in 
his 0: fice, but we didnot oat any records or files pesaning to Your specif eauest 

se are that your request was forwarded to the Office of Accident Investigation 
and amelie which prepared the referenced report. You will receive a separate 
response from that office. 
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Questions? 


Judith Anderson, MSc CIH 
Industrial Hygienist 
Air Safety, Health, & Security Dept. 
yAN yA GAY V/A Be 
— (001) 206-932-6237 


AN APPROACH TO THE INVESTIGATION OF 
SYMPTOMATIC PERSONS AFTER EXPOSURE TO 
AIRCRAFT FUME EVENTS 


Jonathan Burdon mess, MD, FRACP, FCCP 
S. Michaelis, V. Howard, L. Budnik, A. Heutelbeck, X. Baur, 
J. Roig, L. Coxon, J. Midavaine, H. Petersen, G. Hageman, 
C.L. Soskolne, D. Gee, C. Furlong 


For DIMoPEX COST-Action and Collegium Ramazzini working 
eroups on Cabin Air Quality 


Aircraft Cabin Air Conference 2019 


Background and Overview 


¢ Term ‘Aerotoxic Syndrome’ - Not accepted by some 
¢e Aerospace industry does not like term 
¢ Not all present with same symptoms 


¢ Aircraft related illness suggested (CASA EPAAQ 2012) 


¢ For now term reasonable & justifiable 


Background - Guidelines 


¢ Some past Guidelines — none comprehensive 
¢ Acknowledged that Guidelines will vary 


¢ Comprehensive Guidelines 


¢ Consensus view of international experts 


¢ Nearing completion 
¢ Synopsis presented today 


¢ Pocket Guidelines planned 





Scope of Presentation 


¢ We are addressing 


¢ Bleed air contaminants/substances 





¢ Oils, hydraulic, de-icing fluids 


¢ Not other pollutants 


e Pesticides 








¢e Infections 





Technical Matters 


Medical need for understanding background of FE 
Outside air used to flush cabin & assist with pressurisation 


Pyrolysed oil in bleed air (design) - not Boeing 787 Dreamliner 


¢ No engine ‘bleed’ air filtration 
Good data assists in medical investigation/management 


Air exchange rates > than other indoor sites (sealed buildings) 


Time of Presentation / Injury 


Time of presentation with illness after FE important 
¢ In-Flight 
¢ Immediate Post Flight 
¢ Late / Subsequent 
Most report symptoms in-flight or immediately after 
Fume event / Smoke / Long-term low dose exposure (months / years) 


Industry set standards — PROTECT MOST - NOT EVERYONE | 


Time of Presentation / Injury 


¢ Industry set standards 


PROTECT MOST - NOT EVERYONE ! 


¢ Set for ground level 





¢ Not applicable to cabin environment 


e Altitude / complex pyrolysed mixtures 


Presenting Symptoms 


¢ Presenting symptoms - described elsewhere 
¢ May involve all organ systems 


e Duration 


¢ Hours, days, weeks, months 
¢ Sometimes, full recovery never occurs 


Table 2 Aerotoxic syndrome: short- and long-term symptoms 


Short term exposure 


Neurotoxic symptoms: Dlurred or tunnel 
vision, nystagmus, disorientation, shaking 
and tremors, loss of balance and vertigo, 
seizures, loss of consciousness, parathesias; 
Neuropsychological or Psychotoxic 
symptoms: memory impairment, headache, 
light-headedness, dizziness, confusion and 
feeling intoxicated; 


Gastro-intestinal symptoms: nausea, 
vomiting; 

Respiratory symptoms: cough, breathing 
difficulties (shortness of breath), tightness 
in chest, respiratory failure requiring 
oxygen; 

Cardiovascular symptoms: increased heart 
rate and palpitations; 


irritation of eyes, nose and upper airways. 


Winder et al 2005 


Long term exposure 


Neurotoxic symptoms: numbness (fingers, 
lips, limbs), parathesias; 


NMeuropsychotogical or Psychotoxic 
syrniproms: memory impairment 
forgetfulness, lack of coordination, severe 
headaches, dizziness balance, sleep 
disorders; 


Gastro-intestinal symptoms: salivation, 
nausea, vomiting, diarrhoea; 


Respiratory symptoms: breathing 
difficulties (shortness of breath), tightness 
in chest, respiratory failure, susceptibility 
to upper respiratory tract infections; 


Cardiovascular symptoms: chest pain, 
increased heart rate and palpitations; 


Skin symptoms: skin itching and rashes, 
skin blisters (on uncovered body parts), 
hair loss; 


frritation of eyes, nose and upper airways; 


Sensitivity: signs of immunosuppression, 
chemical sensitivity leading to acquired 
or multiple chemical sensitivity 


General: weakness and fatigue (leading to 
chronic fatigue), exhaustion, hot 

flashes, joint pain, muscle weakness and 
pain. 


Symptoms 
Experienced after 
FE - Summary 


Neurotoxic 
Neuropsychological 
Gastrointestinal 
Respiratory 
Cardiovascular 


Mucosal irritation 


In-Flight Investigation of Fume Event: Environmental 


Record 
¢ Type of aircraft 
¢ When did event occur (stage of flight) ? 
¢ Where in the aircraft? 
¢ What happened (smell, fumes, smoke) ? 
¢ How long did the event continue? 
¢ Describe type of smell 
¢ Who and how many (x out of y) affected? 
¢ Record air quality monitor recordings (if available} 


Medical Investigation of Fume Event: In-Flight 


¢ Detailed careful history of FE including severity 


¢ Record 
¢ Previous FE exposure and frequency, length of service 
¢ Symptoms and progression of symptoms 
¢ Observations of others 
¢ Any treatment given/used 
¢ Oxygen use (when/duration) including flow rate 
¢ Unusual behaviour 
¢ Pre-existing medical conditions 
¢ Trained medical personnel may record more 
¢ Treatment given 


Medical Investigation of FE: Post Flight 


Medical, occupational and FE event history as before 
Will be more detailed — doctors involved ! 
History of career flying time 


Detailed clinical examination 
¢ All organ systems 
¢ Emphasis on presenting complaints, neurological and respiratory systems 


¢ Mental and cognitive state important 


Special investigations - appropriate for presenting complaints 


Medical Investigation of FE: Post Flight 


~ Special Investigations 


Collect blood as soon as possible (record time from exposure} 
Cholinesterases (record collection time) — activity assay v Mass spec 
Routine biochemistry, haematology, muscle enzymes 

Others, as clinically indicated 

Carboxyhaemoglobin - HbCO (within 2 hrs post flight, maximum 4 hrs} 
Methaemoglobin 


Collection time should be recorded as well as time from exposure. 


Medical Investigation of FE: Ongoing Biomonitoring 


~ After immediate post flight assessment 


Investigations based on clinical indication 

Commonly blood and urine 

Noting need for repeat cholinesterase measurements 

Unlikely pre-exposure levels measured 

Measure again at week 1, 4, 12 weeks or symptom stability 
Number agents / VOCs causing symptoms — probably not just TCP 


Ongoing biomonitoring allows toxicological assessment relative to symptoms 


Medical Investigation of FE: Ongoing Investigations 


Investigations based on clinical indication 


In particular 


¢ Neuronal and glial autoantibodies — indicate neuronal injury and gliosis 

¢ Detailed lung function testing may be needed to detect respiratory injury 

¢ Neurological defects — MRI scans, MRI/PET scans more sensitive 

¢ Neurobehavioural — Tests include Coding test (Processing speed), Problem solving, 
Learning, Memory, Sleep studies and others 


¢ Malignancy — Emerging reports of some cancers 


Medical Investigation of FE: Emerging Areas 


¢e Long recognised that fine particulates affect health 
¢ Underscores issue of air quality standards 
¢ Low level recurrent exposures may be cumulative in effect 


¢ More recently ultrafine (nanoparticles) noted more toxic 


Conclusions 


Preparation of medical protocol publication 

Long journey by many 

Some previous Guidelines and Protocols 

None as comprehensive as present 

Consensus document - Internationally expert authors 


Pocket Booklet being prepared for Guidance (What to do) for 


¢ In-Flight event 
¢ Medical personnel 


Be patient — we are almost there ! 


Cabin Air Contamination 


An Accident Investigator’s 
Perspective 


it 


fi 


felt 
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My Background 


7 Tony Cable: AAIB — Air Accidents Investigation Branch 
“UK AAIB- AF TA— Accident & Failure Technical Analysis Ltd 
¢Accident Investigator for 32 years, until 2009, 
concentrating on Engineering aspects. 


*AFTA: 


¢ Advisor on analysing technical failures for 
20 years. 


«Specialisations: 
¢Investigation. +N 
¢Making effective Safety Recommendations. 
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ICAO Annex 13 


® Annex 13: 
«Standards & Recommended Practices: 


¢For inquiries into aircraft accidents and 
incidents with international involvements. 
= VMiany accident investigation bodies operate 
under regulations that generally reflect 


Annex 13. 


ICAO — UN International Civil Aviation Organisation 


In the following the term “accident Investigation body” 
refers to official governmental investigation bodies 
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Accidents & Incidents — Annex 13 


= ‘Accident’ definition: 
¢An event where the result Is: 
«Serious injury (defined), and/or 
¢ Significant aircraft damage (certain exclusions). 
= ‘Incident’ definition: 
¢An event where: 


¢No injury or damage, but safety was, or could 
be, affected. 


In the following the term “Accident’ includes an Incident 
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Serious Incident 


= Annex 13 definition: 


¢‘Circumstances with a high probability of an 
accident’: 


¢“The difference between an accident and a 
serious incident lies only in the result’. 


= Annex 13 lists examples, including: 
¢‘Fires and smoke in the cabin’. 
°‘Flight crew emergency use of oxygen’. 
= Pilot impairment would qualify. 
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Purpose of Investigating 


= Annex 13 defines the objective of investigation 
as. 
¢ ‘Solely to prevent accidents or incidents.’ 
-‘It is not the purpose to apportion blame or Ilability.’ 
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Contamination Events 


"Frequency of airliner cabin air contamination: 


‘Aviation Safety websites suggest to me that there 
tend to be around 2-3 reported cases/day: 


¢Smoke. 
¢Fumes/Mist. 
«Odour. 
"Result: 
«Generally a flight abort and landing. 
¢Possibly with pilot(s) impaired. 
¢ Certainly costly. 
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Incident Investigation 


= Investigation of Incidents: 
‘Official investigation resources are often limited. 


«Most accident investigation bodies only investigate 
incidents designated as a ‘Serious Incident’. 


¢The decision to make this designation: 


els generally by the responsible accident 
investigation body. 


¢ Tends to be subjective. 
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Air Contamination Investigation 
= Irrespective of Annex 13: 


¢-Possible that many contamination events are not 
subject to official investigation. 
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Account of One Event 


¢“During the descent both crew members began to 
feel disorientated and found that they had to 
concentrate hard to carry out their normal duties. 
At this point the commander began fo feel 
‘confused’. 


¢ The flight crew expressed concern that neither 
had detected the slow degradation in their 
performance as this only became fully apparent 
after they had donned oxygen masks and began 
fo recover.” 
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Sources of Contamination 


= Principal possible sources: 
¢Electrical system malfunction. 
«Hydraulic system malfunction. 
-Oven overheat. 
¢Consumer electronics battery overheat. 
*APU oil. 
¢Engine oil. 


APU — Auxiliary Power Unit 
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Cabin Air Source 


= Typical source of pressurised conditioned air 
for an airliner cabin: 


‘Air bled from the compressors of the gas turbine 
engines (and/or from an APU). 
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Engine Oil Containment 


= Engine shaft bearings: 
«Multiple bearings: 
«Contained in bearing chambers inside the engine. 
¢Lubricated and cooled by engine oil. 
= Separation of oil from bleed air: 


¢Labyrinth or carbon seal at each end of the bearing 
chamber (where penetrated by a rotating shaft). 
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Seals 


= Seal pressurisation: 
¢-Pressurised air is applied to the outside of the seal. 


¢ The aim is to regulate the pressures so as to 
maintain an airflow into the bearing chamber. 


¢ This should prevent oil escape from the 
chamber. 


«The pressure must be limited to avoid: 
¢Wastage of compressed air. 
¢Excessive airflow into the oil system. 
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Oil Seal Performance 


= Seal performance: 


«Generally highly effective at preventing much oil 
from escaping from bearing chambers. 


¢The oil consumption of gas turbine engines 
typically is normally very low. 


¢-But — this does not mean that either: 
¢ Cabin air is free of all oil/oil products. 


¢ Even small traces of oil in the air is 
necessarily safe. 
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Oil Leakage Across a Seal 


= Seal leakage control: 
¢Control of air pressures within engine 
compartments aims to maintain the correct 
pressure gradient across each bearing chamber: 
¢ Appears to be a complex design issue. 
¢ It appears that the correct pressures might not 
be maintained: 
— During variation in the engine power level. 
— If an oil seal malfunctions. 
«Oil could escape into the compressor airflow, 
producing oil mist in the cabin. 
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Seal Malfunction 


= Malfunctions possibly allowing oil escape into 
the compressor air (and hence the bleed air): 
‘Deterioration of bearing. 
«Damage to oil seal component. 
¢-Obstruction of oil and/or air pipes in the engine. 


¢-Inadequate scavenging of oil, allowing it to pool in: 
¢ Engine 
APU 
¢ Air ducts 
¢ Airconditioning units. 
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Safety Recommendations 


Country Number of Reports Making Number of 
Recommendation Recommendations 


Awtvaia | OC 


Germany| SS 
CS 
Tt a 
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Additional Contamination 
Investigations 


= Other contamination events: 


¢ Investigated, and reported on, by nine national 
accident investigation bodies. 


«Without Recommendations being made. 
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Types of Recommendation Made - 1 
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Types of Recommendation Made - 2 
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sample Recommendation - 1 





= UK AAIB Safety Recommendation 2007-002 
(paraphrased): 

‘It is recommended that the EASA and the FAA 
consider requiring a system to provide a flight 
deck warning of smoke or oil mist in the air 
delivered from each air conditioning unit.’ 
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Sample Recommendation - 2 


"Germany BFU - Safety Recommendation 
07/2014 (paraphrased): 
¢‘EASA should implement a demonstration of 


compliance of cabin air quality during type 
certification of aircraft, engines and APU such 
that........ permanent adverse health effects 
resulting from contaminated cabin air are 


precluded.’ 
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Investigation Output 


= Output — aimed at preventing recurrence: 
«Published information: 
¢From which others can learn. 
«Safety Recommendations: 
¢Principal output. 


«Generally addressed to: 
— Airworthiness Regulators. 
— Manufacturers. 
— Operators. 
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Response to Recommendations 


= Are Recommendations likely to be effective 
at preventing recurrence?: 
¢-Only if the recipients take effective action. 
"Do recipients tend to take effective action?: 
Very frequently not, in my experience. 
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Experience of Recommendations 


"In my experience: 


¢The aim of many recipients appears to be to avoid 
taking action: 
«Often apparently on the grounds of cost: 
— but short-term vs much larger potential long-term cost. 


elt seems that large aircraft manufacturers can and do 
have appreciable influence on their regulator. 
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Wording of Recommendations 


= The wording can influence the effectiveness: 
«Wording along the lines of: 
— “The regulator shall require..... " 
els much better than: 
— “The regulator shall consider requiring .... . " 
-The “consider’ Recommendation commonly 
seems to be a waste of time. 
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“Procedures Not Followed’ 


= A common response to a Recommendation: 
¢‘Ground/flight crew didn’t follow correct procedure.’ 
¢‘ This caused the accident.’ 
¢'Thus corrective action ts not required.’ 
= This ignores the fact that crew might not 
always follow procedures, because of: 
¢Accidental omission — an inevitable Human Factor. 
¢Task overload in a very highly confusing situation. 


¢Consequent sheer inability to identify the situation, 
and thus the necessary procedure. 
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Cabin Air Recommendations 


= Known investigations of incidents: 
°45 Safety Recommendations: 
¢From over 15 published reports. 
«Carried out by over 13 investigation bodies. 
= Response to Recommendations: 


Often difficult to assess in detail over an extended 
period if a Recommendation has prompted action. 


‘Information suggests few signs that effective action 
has been taken on most of the Recommendations. 
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Accident Recurrence 


"Investigation experience shows: 


¢Accidents where a previous similar event(s) did 
not provide a clear warning are rare. 


«Many cases where repeat accident(s) result from 
lack of effective action on Recommendations. 
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Current Situation 


=|It appears that much remains to be done on: 
¢Determining the levels of oil products in cabin air: 
«During normal operation. 
«During smoke/fume events. 
¢The possible chronic & acute effects of the levels. 
¢Means to warn of unacceptable oil levels. 
«Means to prevent oil entering the cabin. 
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Occupational Health Problems among 
Flight Attendants 





Presented by’ James Cone, MD, MPH 
Alrcrati Gain Air Cupferencs 





Newspaper Reports 


# William Carley, Wall 
Street Journal 1977: 
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FLYING: RESPIRATORY HAZARD? 


= Studies have suggested that flight attendants may experience 
increased rates of respiratory symptoms, particularly 
associated with exposures to long-haul flights. 


= This association is plausible because flight attendants are 
known to experience exposures to respiratory irritants: 
Ozone, specific chemicals including hydraulic fluids, engine 
oils, jet fuel and pesticides, cigarette smoke (prior to ban), 
and viral infectious diseases. 


OFFICIAL PRONOUNCEMENTS AT THE TIME 





= |. Donald Collier, Director, Environmental Affairs, 
Air Transport Association: The record and 
experience of over 20 years of jet operations is 
conspicuously quiet on health problems related 
to air quality”. 

= FAA:"Standards for air quality are satisfactory”. 

= John P. Reese, Aerospace Industries Association: 
“Air quality in aircraft cabins is equal to or 


better than the air quality in other 
environments. 





DISSENTING VIEWS 


= Xenix Corporation: Made ventilation systems for aircraft. 
Petitioned FAA in 1980's for aircraft cabin air quality 
standards. They accused the FAA of "a premeditated effort to 
stonewall and obstruct the efforts to establish meaningful 
health and safety standards”. 


FLIGHT ATTENDANT HEALTH STUDIES COMPLETED 


= UC Berkeley/CA Department of Public Health Study — IUFA — Reed (1980) 
= NIOSH Study — IUFA — Malignant melanoma (1981-82) 

= APFA Study #I — Cone and Cameron (1983) 

= APFA Study #2 — Cone and Cameron (1983-4) 

= IUFA study — Cone and Earle (1983-4) 

= AFA study — Reproductive hazards (1994) 


= CA Department of Public Health-AFA Study — Reynolds and Cone — Breast 
cancer and malignant melanoma (1999) 








PHASE | STUDY:APFA 1983 


= Study initiated by IUFA representing American Airlines flight 
attendants. 


= Symptoms reported particularly on SFO-HNL turnaround 
flights. 





PHASE | STUDY: HYPOTHESES 


= Symptoms of respiratory distress, sinus congestion, nasal pain, blocked 
eustacian tubes and nosebleeds are associated with exposure to 
airborne contaminants while flying. 


= Specific types of aircraft are associated with increased frequency of 
symptoms. 


= Mobil Jet Il oil is the cause of the increased symptoms. 





PHASE | STUDY METHODS 


Individual flight attendants were examined at the SF General 
Hospital Occupational Health Clinic 


Questionnaire survey distributed to all flight attendants on 
the SFO-HNL turnarounds, total of 5 flights each. 


Additional group of flight attendants flying turnarounds from 
LAX-HNL were surveyed. 


Investigation into the chemicals contained in Mobil II oil 





“DIRTY SOCKS” ODOR 


= Four flight attendants were examined. All identified 
“dirty socks odor’ associated with symptoms. 
Symptoms sometimes occurred even without the 
odor, however. 


= Odor and symptoms were most frequently 
reported on DC-10-10 aircraft. Odor was 
strongest in over-wing section and galleys. Also in 
cockpit. 


= Odor strongest on taxi, take-off and landing. 





“DIRTY SOCKS” ODOR 





= Odor more pronounced when Mobil Il jet oil was 
used. 


= Odor was reduced when water separator bags 
were changed. 


= American Airlines correspondence indicated that 
management also suspected Mobil Il jet oil to be 
culprit. They suspected contamination of the 
Auxiliary Power Unit (APU) door or inlet duct by 
oil from the #2 engine. Contamination of heat 
exchangers and insufficient cabin ventilation were 
also suspected. 





POTENTIAL EXPOSURES 


= Turbine oils: Mobil Jet II oil is a synthetic oil 
containing tri-cresyl phosphates: known eye, 
skin and mucous membrane irritants. 


= Hydraulic fluids: Also contained phosphate 
esters. 


= Other potential chemical exposures: NOX, 
O3, cigarette smoke, formaldehyde, pyrolysis 
products of engine oils, jet fuel and hydraulic 
fluid. 





MEDICAL EXAMINATION RESULTS 


= Clinical evaluation: Symptoms of nasal burning, 
headache, eye tearing, nasal discharge, sneezing, sore 
throat, hoarseness, cough and hearing difficulties after 
beginning to fly SFO-HNL turnarounds. 


= Symptoms lasted |-5 days. 





QUESTIONNAIRE RESULTS 


58 questionnaires received from flight attendants on SFO- 
HNL turnarounds over 3 day period, 8/15/83-8/1 7/83. 
Participation rate 100% 


Age: 34-44, mean = 37 years. 


All were female. |7 were smokers. 42 reported prior 
allergies. 


Unusual odors noted by 14/20 flight attendants working 
on one particular aircraft, on taxi and descent. 


Odors described as “dirty socks’, musty or “petroleum 
burning’. 








SYMPTOMS REPORTED 





Symptom i 
Eye 38 66 
Nose 35 60 
Sinus 14 24 
Chest [2 2 | 
Ear a 19 
Central Nervous System 10 [7 





PHASE | STUDY CONCLUSIONS 


= Symptoms are caused by one or more air contaminants. At 
least one of these contaminants is the probable cause of the 
“Dirty Socks” odor. 


= Concentrations very by aircraft type, location within aircraft, 
and phase of flight. 


= Mobil Il jet oil implicated as a possible causative agent. 





PHASE | STUDY RECOMMENDATIONS 


= Identification of all likely cabin air contaminants 


= Industrial hygiene sampling of likely contaminants during 
each phase of flight 


= Eliminate causes of exposure, improve maintenance 
procedures, or engineering changes to aircraft: e.g., more 
frequent changes of water bags, burn out contaminants from 
A/C systems, clean APU door/inlet, change to different 
engine oil, increase fresh air flow. 


= Respiratory protection for flight attendants in the meantime. 


= Medical / Epidemiologic Surveillance of airline crew for 
Symptoms reported. 


PHASE Il STUDY 


= Meetings with medical department, American Airlines 





= Expansion of symptom survey to include other bases and 
airlines using other equipment. 


= Industrial Hygiene Survey onboard flight, SFO-HNL 
turnaround, on a DC-10 aircraft. Sampling for O3, NOX, 
SO2, phosphoric acid esters, organic vapors. 





RESULTS — PHASE II STUDY 


Sampling results: Nitrous oxide detected on 3 segments of the flight, at 
concentration of | ppm. One segment with nitrous oxide also had 
“dirty socks” odor noted. No other contaminants detected. 


A total of 683 questionnaires were received out of 720 distributed 
(95%) 


Age: Mean of 36 years. 

88% female. 

Allergy history: 36% 

Dates of survey: August 1983-March 1984. 
68% were non-smokers. 

Aircraft: N (%) 

a 7/4/ 170 (26%) 

=» DC-1I0-10 275 (39%) 

» DC-10-30 237 (35%) 


PHASE Il SURVEY RESULTS 








Symptoms: Statistically significant associations seen with type 
of aircraft and eye, nose, throat and sinus irritation, eye 
dryness, watery eyes, redness, burning eyes, nose itching, 
nasal discharge and dryness, and sinus burning, congestion 
and pressure/pain. 


= Shortness of breath, dizziness and lightheadedness 
associated with type of aircraft. 


= Boeing 747 and DC-10-10 both associated with increased 
risk of symptoms 


= Base: Oakland (World Airways) flight attendants had lower 
risk of symptoms. 


= Dirty Socks Odor: Significantly associated with eye, nose 
and sinus irritation symptoms. 





PHASE Il STUDY CONCLUSIONS 


= Flight attendants flying DC-10-10 or Boeing 747 aircraft are 
at significantly higher risk of developing irritant/allergic 
rhinitis, particularly after exposure to “Dirty Socks” odor. 


= Symptoms suggest a powerful mucous membrane and 
respiratory irritant. 


= Nitrous oxide was measured on one flight. It is a known 
respiratory irritant. Levels were lower than usually 
associated with such symptoms. 


= Prime suspect agents: Vaporization, combustion / pyrolysis 
products of aircraft fluids, particularly engine oils. 





PHASE Il STUDY RECOMMENDATIONS 


= Flight attendants who have developed symptoms of rhinitis 
or upper respiratory / eye irritation should be removed 
immediately from further exposure. Make O2, cartridge 
respirators available. 


= All air packs should be operating at all times. 
= Destructive analysis of Mobil Il jet oil. 


= Further study by FAA or others to determine, cause of the 
problem, and institution of engineering controls to eliminate 
the source. 





PHASE Ill STUDY - IUFA 


= 1000 members of the Independent Union of Flight 
Attendants based in SFO and London were surveyed 
regarding symptoms and exposures, March |983-April 1984. 


= Prospective study of peak expiratory flow rates using a 
miniature hand-held device to measure lung function before, 


during and after flights. 





PHASE Ill STUDY RESULTS 


= A total of 280 questionnaires were returned. (287%). 
= Age: Predominantly 40-49 years of age. 
= 90% female. 


= Chest pain or tightness reported by 65% of participants. 
Cough 57%; 38% said they usually had symptoms of 
shortness of breath or chest tightness while flying. 


= Equipment: Boeing 747 SP associated most frequently with 
symptoms (62%). 


PHASE Ill RESULTS — PEAK EXPIRATORY FLOVV 





= 8 out of 20 selected to participate in this phase 
completed testing. 


= 2 of 8 had evidence on PEFR of >20% drop over a 
24 hour period. Both were associated with long- 
haul flights. All 8 had small but measurable drop in 
mean PEFR comparing pre-flight to post-flight 
measurements. //8 had a statistically-significant drop 
in PEFR. 


DINGEKN (CO). 


= Results of our studies of flight attendants in the early 1980's 
demonstrated consistent symptoms and some evidence of 
decreased pulmonary function associated with certain 
aircraft / flights. 





= Symptoms are similar to those reported in the study 
performed in 1978 by CA Department of Public Health. 


= Contamination of the Auxiliary Power Unit by engine oil was 
recognized over 35 years ago as a likely cause of symptoms 
among flight crews. 


CURRENT EVENTS 





By ILIANA MAGRA 


LONDON — The cabin of a 
British Airways flight filled with 
what appeared to be white smoke 
as it prepared for landing in Spain 
on Monday afternoon, prompting 
the airline to evacuate more than 
170 passengers, with three taken 
_ to the hospital. 

In an emailed statement on 
Tuesday, the airline acknowl- 
edged that its flight BA422 from 
Heathrow Airport near London 
had experienced a technical issue 
on its landing approach into Va- 
_ lencia, Spain’s third-largest city. 

The statement added that three 
passengers had been taken to a 
hospital as a precaution and had 
since been discharged, and that 
the airline was investigating the 
| details of what had happened. 

That came as little comfort to 
many of those onboard the flight, 
some of whom posted on social 
media about their experience. 

Most passengers were barely 
discernible through the white 
smoke or vapor in a video shared 

on Twitter by Gayle Fitzpatrick, 
| one of the passengers on the 
flight. 

Neither the crew — some of 











whom, according to passengers, 
put on oxygen masks and protec- 
tive fire gear — nor the airline said 
anything to the passengers about 
what happened, Ms. Fitzpatrick, a 
corporate governance manager at 
Audit Scotland, said in a aNCURAES 
on Tuesday. 

“We are still waiting to hear 


Emergency slides were 
deployed after landing 
in Valencia, Spain. 


what happened,” she said. “It was 
very scary.” 

Thomas Budd, a lecturer in air- 
port planning and management at 


Cranfield University in Britain, 


said potential causes of smoke ina 
plane cabin included electrical 
failures, overheating equipment, 
galley spillages and hot-air leaks 
from pneumatic ducts. 

In this case, the flight was near- 
ing its finish when the plane 
started descending rapidly, and “a 
horrible white acrid smoke” be- 
gan to fill the cabin, Ms. Fitz- 
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British petal Evacuates Smoky Plane 


patrick said. 

“A detector was going off; she 
added. 

There was a smell of metal and 
chemicals, Lucy Brown, another 
passenger, said in a message on 
Tuesday. “We covered our mouths 
with our clothes,” she said. “We 
don’t know why oxygen masks 
didn’t deploy.” 

Passengers shouted they could- 
n’t breathe, she added. 

Others were crying and hyper- 
ventilating, Ms. Fitzpatrick said, 
but eventually everyone was 
evacuated — 175 passengers were 
onboard, along with six cabin 
crew members and two pilots, 
British Airways said — by going 
down chutes after the crew 
opened the emergency doors. 

Ms. Fitzpatrick said on Tuesday 
that she was still in shock, adding 
that both she and her husband still 
had sore chests. 

_ Ms. Brown, who said that she 
had to wait seven hours after land- 
ing to get her luggage, wrote on 
Twitter on Monday that the expe- 
rience was terrifying. 

“Felt like a horror film,’ she 
said. “Hopefully we'll find out 
what went wrong on the plane 
soon so it never happens again.” 


RECENT OCCUPATIONAL HEALTH STUDIES 





|. Janet Wei, MD, Chrisandra Shufelt, MD, MS, Eveline Oestreicher Stock, MD, 
Claire Mills, RDMS, RVT, Shivani Dhawan, MS, Riya Jacob, BASc, Tina Torbati, BS, 
Galen Cook-Wiens, MS, Neal Benowitz, MD, et al. Vascular aging is accelerated in 
flight attendants with occupational secondhand smoke exposure. JOEM 2019. 


McNeeley E. Estimating the health consequences of flight attendant work: 
comparing flight attendant health to the general population in a cross-sectional 
study. BMC Public Health 2018. 


McNeeley E. Symptoms related to new flight attendant uniforms. BMC Public 
Health 2019 
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THIS PRESENTATION IS ONLY A SNAPSHOT, OF SOME OF THE LEGAL CASES FROM AROUND 
THE WORLD, THAT ARE AVAILABLE IN THE PUBLIC ARENA. 


IN PROVIDING CASES FROM AROUND THE WORLD, | AM NOT PROVIDING LEGAL ADVICE 
IN ANY FORM. 


ANY OPINIONS EXPRESSED, ARE MY PERSONAL OPINIONS, BASED ON EXPERIENCE AND 
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Key Messages 
OHS Tribunals Canada 


British Columbia WCAT 
From Workers Compensation Appeal Canada 


Labour Court Germany 
Social Court Germany 
Amsterdam Court 
France Court 


= Compensation & Appeal Board Pennsylvania 
USA 


Department of Labor and Industry Pennsylvania USA 
Virginia Court USA 

Latest Fume Events 

Workers Compensation Court Australia 


Australian Senate Inquiry 2000 





Australia Dust Diseases Tribunal 

Workers Compensation Court Australia - Perth 
How did Ansett Australia stoo Workcover Claims 
Dismissing Claims 

Discontinued or Filed for Bankruptcy Australia 
Civil Cases Awarded/Settlements 

What Emergency Landing? 

Pilots Loss of License 

Coroners Findings 

Still Going 

Court Trial Dates for 2020 

Common Threads 

Takeaway 

Thank You © 
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Airlines consider operational and financial risk, b 

















Airlines (most airlines)require a full medical assessment, so Gna O chest X- ray ~ andl must 
have 100% health....to be employed...so what happenec our WO > onme 








While industry work to find solutions, please don’t forget the people, who have lost their 
health and careers through no fault of their own. 
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Air Canada v. Canadian Union of Public Employees 14 Date: 2015-08-27. Case No.: 2011-62 and 2012-06 Citation: 2015 OHSTC 
Claudia Martinez Flight Attendant 


> Ms. Martinez was employed by Air Canada as a flight attendant and aq member of the flight attendant bargaining unit represented by the Canadian Union 
of Public Employees (CUPE). On November 29, 2011, she operated flight AC 460 from Toronto to Ottawa aboard an Airbus A319 identified as Fin 277. 


> According to HSO Pollock, during that flight Ms. Martinez noticed an odour in the cabin which she described as “dirty wet sock smell” to which she attributed 
nausea and headache. She thus refused to operate the return flight to Toronto (AC 465) on the basis that the odour constituted a danger. 


>  Ajoint report from the flight deck crew (G. Mongrain and M. Lefebvre) indicates that Captain Mongrain advised the Service Director prior fo departure of 
flight AC 460 of a defect log entry concerning an inoperative Auxiliary Power Unit (APU) valve which would result in no air conditioning from the APU, require 
the first engine to be started at the gate prior to pushback and a second engine cross bleed start after pushback. 
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Diaz Delgado et al. v. Air Canada __ Date: 2015-08-27 Case No.: 2011-38 and 2012-22 Citation: 2015 OHSTC 15 
Between: Francisco Diaz Delgado, Meng Liang and Hadin Blaize, Appellants and Air Canada, Respondent 
Matter: Appeals under subsection 129(7) of the Canada Labour Code of directions issued by a health and safety officer. 


Decision: The decisions that a danger does not exist is confirmed. 


Reasons 
[1] These cases concern appeals brought under subsection 129(7) of the Canada Labour Code (the Code) by the appellant employees of 
Air Canada, of decisions that a danger does not exist rendered under subsection 129(4) of the Code by Health and Safety Officers (HSOs) 
Mary Pollock and Rochelle Blain on March 26, 2012, and July 18, 2011, following their investigations into work refusals by the appellant Air 
Canada employees Diaz Delgado, Liang and Blaize. 
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aaRaEe Slaudia Martinez and Jerome LaPorte (A da leNae . The circumstances of the latter sient are very similar to the 





appeals dealt with in the present decision. A ecanta o decision will deal with these Air Canada appedls. 


https://www.canada.ca/en/occupational-health-and-safety-tribunal-canada/programs/decisions/2015/ohstc-2015-015.html%5B04/11/2017 
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Delgado v. Air Canada Date: 2019-02-07 Case No.: 2011-38 2012-22 Citation: 2019 OHSTC 3 
Appeals under subsection 129(7) of the Canada Labour Code of two decisions rendered by a health and safety officer 


Decision The two decisions are rescinded. 





Reasons 
[1] This decision concerns the redetermination of two appeals brought under subsection 1|29(7) of the Canada Labour Code (Code) against two 
decisions that a danger does not exist rendered idee subsection 129(4) of the Code. 
that a danger does not exist on July 18, 2011, following an 


[2] Health and Safety Officer (HSO) Rochelle Blain rendered the first decision 1 
investigation prompted by the work refusal of five of the resoondent’s employees. Mr. Francisco Diaz Delgado and Mr. Meng Liang, two of the 


employees who had filed a work refusal, filed an sail of HSO Blain’s decision on _ 26; 2011; 
not exist on March 12, 2012, following an investigation prompted by the 
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[3] HSO Mary Pollock rendered the second de 
work refusal of Ms. Hadin Blaize, another of the t e. Ms. Blaize fad: an eminined of HSO Pollock’ S ancien on April 13, 2012. 
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Decision 
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[115] For all of the reasons stated above, | conclude that the seal) poi cha in the present appeals were well founded in claiming sisulele 


: 
; of absence of danger 


ition of the decision, | rescind the original decisions of ab 








when they exercised their right to reluse to work. Following redet 
ock and Blain. (Smell, history of reported widens Person suffered accident at work — had the right) 
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Francisco Diaz Delgado, Meng Liang and Hadin Blaize and Air Canada 
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Air Canada v. Canadian Union of Public Employees Date: 2015-08-27. Case No.: 2011-62 and 2012-06 Citation: 2015 OHSTC 14 


Matter: Appeal under subsection 146(1) of fhe Canada Labour Code of directions issued by a health and safety officer 
Decision 


The direction under subsection 125.2(1) of the Code Is rescindec 
The direction under paragraph 125(1)(s) is confirme a 
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Reasons 


[1] These cases concern appeals brought under subsection 146(1) of the Canada Labour Code (the Code) of directions issued by Health and Safety 
Ofiees (HSO) Mary Pollock on November 4, 2011 and December 23, 2011. 


[2] In both cases, the issuance of these directions was preceded by a finding of “danger” 


2 


” by said HSO at the conclusion of her investigation into the work 
refusals registered by the two refusing employees. In both instances, the Konak nt formulated its appeal by stating that it was appealing “the finding of 
danger” in the directions issued by HSO Pollock. For the purpose of hearing and determination on the merits and 1 giv 

ary evidence and testimony, these two appeals were heard simult apeeusewil tn two other appeal 
cases, those having been brought under subse sien 129(7) by employees of the present appellant against the aise sols that a Wendel does not exist 


rendered ‘uRUGAI to subsection 129 m of the Code respectively by Health and Safety Officers Mary Pollock and Rochelle Blain on March 26, 2012 and 
July 18, 2011. A separate decision will deal with those appeals. 


en the great facts and circumstances 


similarity as well as the commonality of document 








British Columbia WCAT 
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Tracey Morey Flight Attendant WCAT Decision Number: WCAT-2006-02748-AD. WCAT Decision Date: June 30, 2006 


Original decision 


By a claims adjudicator at the Workers’ Compensation Board (Board), disallowing her claim in relation to symptoms 
experienced during and after her shift as a flight attendant on November 10, 1999. Dissatistied with the Review Board 
findings, the worker brings this further aqopeal. 

> Under section 239 of the Workers Compensation Act (Act), WCAT is authorized to consider and decide appeals such as this one. Section 


254 of the Act gives WCAT the exclusive jurisdiction to inquire into, hear and determine all questions of fact and law which may arise or 
need to be determined in an appeal. 


> InWCAT Decision #2006-02747-AD. Both the cited findings, draw on analysis of section 5 of the Act and item #13.00 of RSCM...fo show the 
alleged toxic exposure experienced by the worker was a compensable injury. 


> “In view of all the evidence, I find the worker did suffer a personal injury on November 10, 1999 which arose out of and in the course of her 
employment. She was disabled by the initial acute symptoms and by the lingering dizziness and vertigo described in the medical reports 
here considered.” 


Conclusion 





> For the reasons indic > worker’s appeal is allo ar October 19, 2001 Review Board findings are varied accordingly. 
Ai ae Review Board level, the worker’ S representative fequested aeserrent for the medical-legal report from Dr. Chin. 
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Oliver Birk and KHigerin — In its judgment, the Labour Court (Sozialgericht) assumes that the applicant was with high certair 





work injury. The following factors were decisive: Since the Tifties of the last century, there has been a large number of cases in which health 


oroblems have been reported by aircraft personnel or passengers, without warning odours. After reviewing and evaluating all individual 
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The applicant has thus become a victim of a work injury. httos://www.aerotoxicteam.com/uploads/6/0/3/8/6038702/english_version german court - aerotoxic_team.pdf 


The First Chamber of the Sozialgerichts GieBen dismissed the action. 


It could not be established that a toxic effect had taken place on the flight. The prerequisite for the determination of an occupational accident is that the 
insured activity, the harmful effects as well as the illness, because of which compensation is claimed, are proven. On the other hand, the probability of 


the causal link is sufficient for the recognition of a health disorder as a result of harmful effects. 
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The full proof is provided If the fact requiring proof Is proved 





The Court did not overlook the fact that numerous aspects of this complex issue, such as the possibility that the occurrence of so-called fume events are 
related to the procedure for obtaining cabin air, had so far not been clarified or were disputed. However, this does not lead fo an easing of the burden of 
oroof or even a reversal of the burden of proof for all subjectively or objectively perceived changes in smell during a flight. This would only be conceivable if 
a large number of passengers and insured persons were demonstrably ill on such a flight, which was not the case here. It was only certain that an unpleasant 
smell had been perceived by the plaintiff and other crew members. A chemical (toxic) load was neither secured during the flight nor afterwards. 
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FREIBURG ARBEITSGERICHT - SOCIAL LAW COURT - Considered 


The Chamber has no doubt that on 20.46.2014, the KHigerin - suffered health damage in the form of inhalation trauma and thus an accident at work 


external effect, namely the inhalation of contaminated cabin air. (Statutory Accident Insurance — Nerve Poison in Cabin Air) Incident worked for 


Lufthansa AG fume event 9 October 201 1 


A stewardess has been having considerable health problems which occurred after a flight, due to the fact that poisonous chemicals 
floated around the aircraft. Together with Oliver Birk of the Stuttgart office of the DGB Rechtsschutz GmbH, she fought at the 


labour/industrial court Freiburg/Germany to determine the existence of an accident. 
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> Afterreviewing and evaluating all the individual a the Freiburg Soc! 
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The judgment of the Sozialgericht Freiburg is not yet final. If fhe employers' association (BG=Berufsgenossenschaft) appeals to the 


National Social Court, we will continue to report. (the case number Is given at the bottom of the article) 





GIESSEN SOCIAL LAW / LABOUR COURT Germany (worker's comp) — Dismissed the Action 9 May 2019 


hitos://www.aerotoxicteam.com/uUploads/6/0/3/8/6038702/nerve poison in cabin air and statutory acciden t insurance.oadf 
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ECLI:NL:RBAMS:2013:5980 Rechtbank Amsterdam. 


Case number C/13/547894 / KG ZA 13-1016 HJ/PV Authority. Date of judgment 18-09-2013 Date of publication 18-09-2013 
Areas of law. Civil Justice. Soecial features - Applications for interim measures 


Case Kori geding. Eiser is Pilot for KLM 


Decision - The judge in preliminary relief proceedings 


> 5.1.Condemns KLM to commission a research institute, or a researcher, to investigate the presence and 


concentration of TCPs in the cabin air of ifs Boeing 737s within fourteen days of the notification of this judgment; 


> Study was undertaken: TCP identified in 46% of flights at low levels- no fume events identified. 














France Court 





Air France V CHSCT ( Health and safety workers committee (2010)) 


Grand Instance of BOBIGNY - | 


> 





In support of its claims, AIR FRANCE submits firstly that there is no justification for any serious risk within the meaning of Article L 4614-12 of the 
Labor Code. 


AIR FRANCE notes finally that the risk of inhalation of polluted air in cabin is old and known, that if is rare and already taken info account by the 
employer so that if can not be qualified as a serious risk. 


AIR FRANCE submits, secondly, that the expert measure decided by the CHSCT PNT and PNC Is in any case useless. 


The defendants — there was knowledge of 29 incident reports for the first quarter of 2008, company reports 22 reports for the full 2008 year. 
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Easyjet V CHSCT (Health and Safety Workers Committee (2016)) 


Tribunal de grand Instance de Bobigny (2018) 
Order applied to prevent monitoring studies requested by CHSCT 


> Outcome: annul the decision of the 2016 CHSCT for air monitoring studies. 


>» Verdict against CHSCT/ not appealed 


2 pilots in France have lodged an action in the Tribunal de Grand instance (High court). No third party 


Asking magistrate to investigate if a case can be lodged with the French criminal prosecutor 
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Macon Fowler v US Airways Inc. Dsp: 3630624-1 Filed and Heard in Harrisburg Pennsylvania 17102 
Termination and Review Petition Circulated Date: 01/21/2015. = Injury Date: 01/16/2010 
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Decision: 15 Jan 2015 fio numerous attempts fo resolve th mediation) 


Claimants Review elutes Granted in part slits the seco of his injury in The NCP is amended to include the addition of 


“reactive airways disease due to inhalation exposur 





Defendant's Termination Petition is Granted that the claimant fully revered from his injuries suffered as of January 16, 2010 
effective June 17, 2010. 


“In the case at bar, very skilled counsel for Employer/Defendant Kimberly A. Zabroski, Esquire saved” the Employer's termination 
petition by, making sure Dr. Greenberg acknowledged that US Airways accepted respiratory irritation due to an episode of 
exposure as acknowledged on the NCP (Dr. Greenberg's Dep. at pp. 14-15, 36). Under ' To and Jackson, supra, the Judge believes 
Dr. Greenberg's testimony was competent. However, if this case is appealed, the Judge would believe the WCAB may took a 
second look at this issue, including whether D r. Greenberg failed fo accept the diagnosis of "reactive airway disease.’ However, 
this WCJ believes his testimony meets the legal standard of proving a termination of benefits under Jackson and To.” 
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hitps://www.dli.pa.gov/Pages/default.aspx. 
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DAVID HILL v. US AIRWAYS 
Appeal Case: A13-0157 Opinion Mailing Date: 04/15/2015 Determination: Affirmed 


Opinion from the Workers’: Compensation Appeal Board file. An appeal to the Commonwealth Court of 
taken by any party aggrieved by the Board's decision — the denied claim on a basis of a an error Pat law. 


Decision 
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“Because Dr. Greenberg credibly testified that Claimant fully recovered trom his accepted work Injury of single acute 
episode of exposure to non-ftoxic Odour resulting in transient respiratory irritation, and testified that he can return to 
Unrestricted work and requires no further treatment, the WCJ did not err in granting Defendant reliet”. 


“However, the WCJ did not accept the Claimant's ence regarding the extent of the peicabidbatdaldad injury or disability, 
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“We nofe that Dr. Harrison even ssciaeiadeclee that while —— can cause respiratory problems, there is no evidence 
that Claimant has reactive airway disease or a chronic problem. As such, the WCJ did not err’. 


History of fumes prior to event & after Fumes entered cabin on return flight - start up, cruise, descent, Oil & Hydraulic fluid identified. 
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Kamyszek v. Delta Airlines, Inc. et al Federal Civil Lawsuit Virginia Eastern District Court 
Case No. 1:14-cv-01377. Citation 28 U.S.C. 1441. Nature of Suit 315 Personal Injury; airplane Product Liability 


Case Christopher Kamyszek, a passenger on board Delta Airlines flight from Salt Lake City to Minneapolis -16 Dec 2011. 


Seeking USD $5 million compensation for alleged loss of enjoyment of life, ability to earn a living and employment, as well as 


damages for mental pain and suffering and permanent, debilitating physical injury. He claims he was injured by a fume event 
on board the aircraft, approximately fifteen minutes after take-off. 


It appears this case is not continuing. 


21 May 2015 - So Ordered re 27 Stipulation of Dismissal filed by Christopher Kamyszek. Signed by District Judge Liam O'Grady on 5/21/15. (gwalk,) 
30 April 2015 ORDER that the 25 Unopposed 


nosed Motion to Dismiss Airhus with Preiudice is 
nopposeaqd Monon tO VISMISS AIFOUS WITN Freyuaice Is 
a fos 


e is GRANTED. Signed by District Judge Liam O'Grady on 04/30/15. (jomil,) 
28 April 2015 MOTION fo Dismiss With Prejudice by Christopher Kamyszek. (Barks, Daniel] 








Latest Fume Events...Yes...July and August 2019 





> 6 August 2019 British Airways flight to Valencia — smoke filled the cabin - emergency with smoke — 200 
evacuated 


> 28 July 2019 American Airlines Flight AA728 Philadelphia to London Heathrow - odour “‘calll it a dirty socks 
smell. We need to turn this aground...we are not declaring an emergency...” “Cabin...row 22...” Diverted to 
Boston. 


> Sick Flight attendants (9)and passengers 


> 19 July 2019 British Airways Airbus A380 Flight BA286 San Francisco to London Heathrow - diverted to 
Vancouver — most crew crew incapacitated 





https://news.sky.com/video/smoke-filled-plane-makes-emergency-landing-in-valencia-11778282. https://www.wsoctv.com/news/9-investigates/9-investigates-toxic-fumes-on-planes-and-a-new-push-for-safety-changes/9 70961923 


httos://www.change.org/p/stop-contaminated-cabin-air-in-aircraft/Uu/2490 1 209 ¢foclid=lwAR2Nin-Urdeiwcm236wakl9dhD 1 AEEEFA9NEESOA8PAxXV OgZh-mxgsKkY-Pc 
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Alysia Chew v Eastwest Airlines Ltd & Ansett Australia Lid, Compensation Court of New South Wales, (Matter 19652 of NSW), 


Judgement 28 April 1999 
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The basis of Ms Chew’s claim was that between January 1992 and 30 October 1993, when a flight attendant with Eastwest 
Airlines, she was exposed to fumes, toxic substances and other irritants whilst carrying out duties as a flight attendant on BAe 


146 aircraft. Ms Chew also claimed that fumes within the aircraft fo which she was exposed contained Mobil Jet Oil Il which 
contained the substance triorthocresyl phosphate (TOCP). 


jill reme =X nsett Dr Dai Le 


Claims Claims Claims Accepted Pending Resigned on Medical 
—— - 1998 —— Denied without —— +7 Grounds 
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Carter v Ansett Australia Ltd a a 049 District Court of Queensland 

> June 2000 - Was granted an extension of time to 31 August 1999 to commence action — due to material not being available at the time. 
Carter v Ansett Aust Lid 12000) ¢ QCA 333 siasemne Court of Queensland 

Appeal No 5414 of 2000 DC No 1227 of 2000 








> 18 August 2000 Successful in the District Court in extending the period of limitation in an action for damages for personal injuries against the 
applicant — the applicant sought leave to appeal against the decision — suffered injuries as a result of exposure To toxic chemicals whilst in the 
employ of Ansett Australia — was exposed to fumes in the cabin of a BAE146- 200 aircraft between 1993 and 1994 —- where there was a 
discerned the existence of a causative relationship between the ingestion of the fumes and the symptoms suffered at a time outside the 
period of limitation — whether that material fact of decisive character relating fo the right of action was not within her means of knowledge 


until 31 August 1999. 


> [18] "In our opinion the decision of the learned District Court judge was correct. Moreover we think he reached that decision by correctly 


applying the provisions of s 30 and s 31 of the Limitation of Actions Act. Accordingly we would refuse leave to appeal with costs”. 





> Believe the case was di 


> Resigned on medical ground in 1995 as did the three flight attendants on the same flight all requiring oxygen 14 Nov 1994 








Australia Dust Diseases - Tribunal 





1992 Incident - Joanne Turner — BAe146 Flight Sydney to Brisbane — thick cloud of smoke - oil leak 


Turner v Eastwest Airlines Limited [2009]New South Wales Dust Diseases Tribunal 10 (5 May 2009) 


Court of Appeal — Supreme Court of New South Wales 
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Airlines Limited v Turner [2010], 2010). 


East West Airlines Ltd v Turner [2010] HCATrans 238 (3 September 2010) 
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Cabin smells from oil were noted to be an ongoing problem acknowledged by the defendant, with numerous complaints about the 
cabin air prior fo the incident on 4 March 1992, including an entry 10 days prior fo the incident st “APU AIR NOT FIT FOR HUMAN 
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CONSUMPTION. Ms Turner was found to have been exposed to Mobil Jet Oil Il on 4 March 1992 with the court finding that pyrolysed 





effects of Mobil Jet Oil Il are harmful to the lungs. As such Ms Turner suffered from a ery condition fo the lungs caused by 


exposure to the smoke and that condition has continued for more than eighteen years and is expected to be life-long. 
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WWW6.QUSTIIeGU.aU/Cai-bin/viewdoc/au/cases/nsw/NSWDDT/2009/10.html Turner v Eastwest Airlines Limited [2009] NSWDDT 10 








Workers Compensation/Civil Perf, Australia 





Judith Anne Cullinane and Ansett Australia Limited WC93D No 962 of 1998 
Flight 6-8 November 1997 BAel146 JJW 3 Days incapacitated 


Flight Attendant Pauline Guy on same flight 6-8 November 1998 Workcover claim advised 12 January 1998 excepted “Tiredness, Dizziness, nausea etc due fo 
Environmental Factors 


Flew as passenger mid November 1998 on A320, collapsed exiting aircraft-wheelchair. On return flight came off-wheel chair with oxygen. Test Flight Jan 1998 on 
737 as passenger, off in a wheelchair with oxygen. (Required oxygen on flight soon after takeoff — tingling extremities, nausea, tiredness, loss of control of limbs 


District Court Western Australia No. 4296 of 1998 summons served 6 November 1998. 
Judith Anne Cullinane — District Court of Appeal 


The Commissioner noted that the Defendant sought to dispute the Plaintiff's claim on the causation issue, but he adopted the submissions on the “material 
contribution” being the relevant test, accepting Dr Barnes and Professor Winder, 


ff 


concluding that there was a “real and not remote chance that the 





ANLTIe me sof) ee SV an tas 
tlhe workplace caused the plaintiff's sympto 


ms’. (Limit of claim over threshold — proceeds to District Court) 


Decision On the capacity issue, the Commissioner accepted that there was evidence that the Plaintiff may very well never return to work as a flight attendant” 





Court Appeal 25 February 1999 — J Cullinane won and awarded costs 


Cc : 2 
Le ( 


000 Judith Anne Cullinane won the right to review all Ansett Australia and other documents with the defendants claiming “Sensitive 
information” but this was disapproved with some were in the public domain, some were internet articles, some were duplicates etc 
Nov 20C 1 a tend ' J p 
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Settlement at Mediation pre trial July 2002 (10 hour mediation) 








How did Anseft Australia stop Workeover Claims 





Oct 1995  ~=Anseitt Dr Dai Lewis in an email — “Discussion with Dr Patrick Carrol, Consultant adviser to the Queensland Workers Compensation Board 
confirms that his report to the Board states in his opinion there is not a “Toxic Chemical” involvement her. He Is also to talk to Hickson's treating 
Specialist, hoping to put him right”. 
“...L will continue to try and reverse the certifying Doctors opinions....and continue to provide the analyses to Dr Carrol who by the way will in 


the end be examining each of our Flight Attendants.” 


April 1995 Ansett Dr Lewis email .....”" Queensland Workcover confirm they don’t require any further sampling...information...as a result they are denying 
Flight attendant Workcover claims. “...Less soecific test, one simply for oil mists. We could do this but it would only be of use an identifier of trouble 
and would not in itself prove of any great use in court action....Tedlar Bag”. 


Oct 1995 = Dr Affleck calls Dr Lewis about 3 crew...” knows him so limited testing to carbon monoxide”... Flight attendants had asked for Cholinesterase 


April 1997 =Ansett Dr Dai Lewis fo Cot Jenson “...offer ground duties...threat of loss of flying duties worked well before East West was absorbed.” 


November 1997 Richard Fox — “Testing Tedlar Bags....not designed to measure semi volatile Compounds...will not detect ICP... Sample taken then tested 3 
weeks later...” “Richard Fox report refers to design and to test within 24 hours no more than 72 hours. Method of testing at Ansett allows the potential loss of 
compounds, meaning...exposure probably greater than reported”. “AGAL analysis is for volatile compounds only. Semi volatile compounds that were collected 
would still be adhered to the inside of the tedlar bag”. “Many fuel, oil, hydraulic fluid decomposition products fall into the semi volatile category, including 
triorthocresylohosphate isomers....wrifes about refence the WHO EHC 110 on Tricresyl phosphate: Triortho cresyl ohosphate....mixed o-cresyl isomers”. 


(Report from R Fox regarding Judy Cullinane’s flight and flight reports) 
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-onsensus — “Independent el” ..Westermann, Carroll Rob Loblay and others signed...Dr Dai Lewis 
dratted the consensus for the BAe 146 ...to be signed off by all...March 1998. 





The consensuses statement was attached to a letter was sent to Flight Attendant and Workers eaanienints Doctors 


The “Independent Panel” reviewed selected and incorrect reports....” The following R Fox’s report had changes from the draft to the published report. 


Air Quality and Comfort Measurement Aboard a Commuter Aircraft and Solutions to improve Perceived Occupant Comfort Levels 
Paper ID 8199 Draft a by Richard Fox ...different to the published version. 1998 
> ‘Findings from the bleed air contamination monitor indicated that full hydrocarbon clean out of the ECS systems on the three aircraft tested 


never occurred”....System contamination was not only in the filters, but in other areas of the system as well”. “Air flow...flows in the aisle...nead 
height...generally well below 0.1 meter/second” 


States carbon monoxide never detected in flight... method used summa cannister....which is not designed to detect carbon monoxide. Semi- 
volatile contaminants were analyzed from samples removed from the aircraft filters. A search referenced apie a calibrated standard was 
made for the isomers of oe No isomers of tricresylohosohatre were detected, However, Triethy — late was | 
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Unsafe levels of formaldehyde measured during pack burnouts. 








PN akx-JimeNOhiiceli(omarelom lam inm eleysx-555 (0) 1 ae 





Dec 84 21/7 British Aerospace Service Information Leaflet — * The following Is offered should oil contamination of the air conditioning system be experience. 


Jan 24. 1983 Mobil Oil Corporation J Aveni — * Mobile Jet Oil has been used for many years by many commercial airlines with no incidents of | adverse 
health affect. Obviously if cabin air becomes contaminated with any lubricant and /or its decomposition products in sufficient quantities, some degree 
of discomfort due to ye, nose and throat...generally traced to improper design, improper maintenance or malfunction of the aircraft.” 


April 92 Dan Air - confirming oil leakage, shaft seal APU and problems for over 1 year. 


May 1992 Dr Vasak report 16 in the case of justified medical concern following a continuing inhalation exposure to the contaminated air...some biological 
tests may be of help (eg: inhibition of cholinesterase in a case of proven exposure of a toxic organophosphate} 


1995 Ansett Engineer “...taking up directly with Allied Signal...filtration can only handle day to day leakage”. 
Nov 1996 Anseit K Currie to Dr Dai Lewis * latest summary information, lack of approx. 50% of incidents don’t find there way into the logs”. 


August 1997 Richard Fox to Ansett Dr Dai Lewis...” Pack Burns didn’t appear to remove all organic matter... in fact TCP is being detected by health and safety 
measures during and after Pac Burns...levels measured on bleed air contamination monitor during Pack Burn were 4 times greater than we allow in our 
engine except in our APU facilities..”. R Fox used Suma Cannisters which do not detect TCP but Dr Van Nettan used catalytic converters - detected TCP. 


Sept 1997 Ansett Greg Vaugh spoke to Ansett Dai Lewis ‘Sooken fo Air BC — 1 case neuro poisoning’ ‘triorthercresyl phosphate (TOCP) — neurotoxic to 
humans, sufficient evidence, additionally QLD health found TCP.” 


December 1997 George Lee report to Dr Lewis...use cryogenic trap...small amount of tricresyl ohosphate found ...oack burn then ...alfered a pack burn to 
70 C...then not detected. 


Jan 2000 Ansett Dr Dai Lewis email to Rod Westermann “...interested in seeing any ...flight attendants...following BAE 146 return fo work program...sent vid 
our insurer QBE...interest/ Also mentions pilots and depression...”. 
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Patricia Forames, et al. v. ST Aerospace Mobile, Inc., Case No. 1111434 (Ala. Sup. Ct.) 
Date: August 30, 2013 Court: Alabama Supreme Court 
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B767 (2010) - US AIRWAYS Tail N 251AY (had suffered fumes over many months) 


Vv 


First Officer Mick Fowler (June 2010) reported, tatigue, wooziness and grogginess, during a fume event while landing 
a Boeing 767 — after landing he was taken off the plane on a stretcher to an emergency room. 


Captain David Hill medical's failed - neurological 
2 Pilots had medical certificates withdrawn by FAA and denied workers comp on appeadi 


> 
> 
> Cabin Crew workers compensation accepted 
> Captain David Hill - took his own life 2016 (RIP) 
h 


ttos://condonlaw.com/2013/09/alabama-suoreme-court-aftirms-summary-jiuUdgqment-dismissing-aerotoxic-syndrome- 


claims/ 
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Incident late 1999 - Melissa Dray 


> June 2015 - BAe Systems — Western Australia District Court registrar George Kingsley ruled Bae Systems had 
a case to answer. 


> Melissa filed for bankruptcy in Perth...unable to continue against BAe Systems 


Welcome Melissa ©... Melissa is here today and will be soeaking later... 








Civil Cases: Awarded/Settlements 





Delware corporation, McDonnell Douglas Corporate Boeing NO. 98-2-15033-5 SEA Lost the case— Motion for Partial Summary 
Judgement against defendant Allied Signal Inc. (pursuant to Civil Rule 56) in the The Superior Court for the State of 


Washington in and for the County of King. 


2002 Judith Cullinane v Ansett Australia Limited — BAe] 46 Incident 6-8 November 1997 Settled out of Court. 
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2007 Stewarts Law V Excel Airways -— settled ¢...: B767/passengers 
2011 Terry Williams v Boeing— American Airlines MD-82 Aircraft 


> Incident 2007 Single exposure, when toxic smoke and oil fumes leaked info aircraft cabin Settled out of court. 


hitps://www.law360.com/articles/2768 | 7 
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Civil Case 





Ridgell v. Frontier Airlines, Inc. et al Case Number 2 :18-CV-04916 Filed 1 June 2018 California 


The plaintiff claims Frontier Airlines has so far refused to acknowledge a dangerous ‘fume event during which the air in 


cabin of a flight became contaminated. 


Frontier Airlines, Inc.; Airbus S.A.S.; and Airbus Group HQ Inc. 
> Alleged “fume events” resulting from the possible defective design and manufacture of the companies’ Airbus fleet of 


aircraft. Passenger cabin becomes contaminated with “pyrolised compounds”. 


> Flight made an emergency landing in Phoenix — Frontier refused to acknowledge the event, with scheduling posted as 


landing on time in Orlando without incident. 
> Lawsuit passengers “experienced physical distress,” including “passing out, choking, coughing and eye irritation”. 
> The Court denied class certification and the case settled individually but on a confidential basis. 


Corrado Rizzi - Class Action.org 
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Pilot Leanne Harper - Ansett - November 1998 
First Officer Susan Michaelis - National Jet - August 1999 


12 November 1999 during a flight between Bromma and Sturup in Sweden - Captain on a BAe 146 operated by 


Braathen'’s Malmo Aviation had fo use oxygen when effected by fumes. Captain handed over fo the First Officer to 
land the plane. 


> Investigation the airline had come to the conclusion that, “the oil leak was the reason for the air in the cabin 
being made Toxic.” 


> Loss of license —- Neils Gomer - Fumes, dizzy, groggy, drunkenness, disorientated 


» Numerous more known to be awarded around the world and some known to be denied. 











Still Going... 





22 June 2015 - Five Crew filed to sue The Boeing Company in the Cook County Circuit Court Illinois - alleging breaches 


of duty of care “ negligent acts or omissions” Incident - Alaska Airlines unscheduled landing in Chicago July 2013. 


hitps://www.bloomberglaw.com/public/desktoo/document/Woods v Boeing Co Docket No 2015L006324 Ill Cir Ct June 22 2015 C?1555077893 








2019 Unite Union Legal notices served - 51 cases against: (Comprising 4 Pilots, 47 Cabin Crew) 
> British Airways. 
> EasyJet 
> EasyJet 
> Thomas Cook 
> Jet2 

> Virgin Atlantic 
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Westgate (Died 2012) 


2015: Regulation 28- Prevent future deaths: airline & CAA - ( withdrawn) 
2017: Final findings 
> Accidental death: (accidental) pentobarbital overdose: 
> Suffering trom 
Dorsal root ganglioneuropathy affecting spinal nerves and possibly cranial nerves 
Myocarditis..... 
Depression and anxiety (caused in part by ganglioneuropathy & that condition remained undiagnosed 
Bass (Died 2018) 


Death by misadventure 








"The senior coroner wrote aie letter of concern to the chief coroner asking him to aan vise all coroners of the need for the — 
in cases where toxic cabin air is a suspected cause of de sath. 5 Significantly the senior coroner in his letter recognised that expc 
toxic cabin air may lead toa ‘clinical | impact on the body." 


il tests 
sure to 





hitos://unitetheunion.ora/news-events/news/2018/october/Unite-calls-for-oUblic-inaquiry-after-coroner-warning-on-toxic-cabin-air 








Court Trial Dates for 2020 





Vashti Escobedo V Boeing Illinois Circuit Court Cook County Law Division 
> Filed Apr 15, 2016 later Vashti Escobedo, Ray C Escobedo and Lara K Lane as Plaintiffs 
pe 29 Aug 2019 the case was set down for focussed case management for 3 October 2019 at 9:30am 


2013. An Alaska Airlines flight took off from Boston for San Diego. The plane had to be diverted to Chicago after all four 
flight attendants became violently ill. Two passed out. 





Escobedo V Boeing goes fo court — February 2020 in Chicago (expected to be 4-5 weeks) 


Involves 4 Flight Attendants injured in the same event and a Flight Attendant from a separate event. 





Woods V Boeing goes fo court — February 2020 


httos://www.bloomberglaw.com/expo_ blo/eyJidHhOlioiIREY DiiwiaW QIOCIJYMVE2TkxDS VUOODIILCJ1 dWIkIiIoiTIFyciIR6YUFydVpotdnBmkRliarYTBnUTO9SOZlekozen 
BJSkOSGEAMcC21BeXNRAdZOIliwidil6MSWidGITZSI6IjJE 1 NTUWNZC2MDYwMDAILC JzawciOiJZSHHQODRQVNVWdOSIAWFPNXNHKVIBQKOpTS VE9InO= 
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Failure of Cases 
> Couldn't prove exposure 
> Method of testing and or results 
> Different countries, courts, rules, regulations 
> Prove the fact or threshold of injury 


> Lack of understanding 


Success of Cases 

Precedent set 

Doctors diagnosis with supporting specialist reports 

Evidence of fume event and that others were sick, including passengers 


The wording of the statements, reports 


vv V YV 


A good understanding of the issue and how to explain and argue ift...... ESSENTIAL 


Turbo Oil 219 Oil can says: “Do not breathe mist or vapor from heated material” (Worth remembering....for Court) 
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Agreement British Aerospace Regional Aircraft Limited and Ansett Transport Industries (Operations) Pty Limited East 
west Airlines (Operations) Limited signed by All 


“| ..Pursuant to the Aircraft Purchase Agreements, BAE warranted that relevant parts of the Aircraft (as therein defined) 





would conform to applicable specifications supplied by BAe and would be tree from defects due to defective material and or 
defective workmanship or defective design on the part of the BAe in accordance with and subject to the terms, conditions 
and limitations contained in the Aircraft Purchase Agreements”. 


"Ansett have EWA have made certain written claims against BAe alleging defective design of the Aircraft resulting in the 


obnoxious oil and other (the "cabin environment problem”) fumes affecting the passenger cabins of some or all of the Aircraft”. 
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Agreement 1993 “Allied Signal fo provide EWA and Ansett a total Parts and Labour Credit of US$1,235,000 as financial 
consideration associated with the operation of Allied Signal APUs on the BAe 146 aircraft. The applicability of the credit 
will be limited fo APUs and APU parts including kits to convert 85-129(E) APUs fo A-129(K) Configuration...labour and 
oarts..”. 


“After detailed and protracted investigations, it was determined that a source of the smell was oil leakage from 
Allied Signal APUs which entered the bleed air system through the air conditioning packs”. 


> “Credit is to be used against any account receivable due from EWA or Anseft...ourchase of APUs and APU parts Including kits to 
convert 85-129(E) APUs fo A-129(K) 


> (Not dated...has 1993 and not signed by Allied Signal — Signed By Ansett and East West with Common Seal) 


Similar Agreement 1993 with AVCO Corporation claiming engine bleed air problems since the purchase in 1989 uniil 
1993...various deficiencies and inadequacies. Seeking US$150,000 cash and US$100,000 parts credit to be used in Tull 
by 31 Dec 1994. (Only signed by Ansett and EWA with Common Seal) 


> Both of these remained unsigned. 











TAKE AWAY 





It could happen to you, your loved one, your family or friends. 
It's not about money...its about your health...your career.. 





.your lifestyle. 





Airlines (most airlines) require a full medical assessment, including a chest x-ray — you must have 100% health....to be 





employed...so your health should not be degraded by your workplace. 








While industry tries to work out a solution, don people who have lost their health and careers. 








Times up.... billable hours...SSSSSSS$S$ 
| Your Legal Bill to Da te 9182,000.....NEXT Cou irk td a ite veces CO 





ae sows gS + Raare~ 


What does it matter to a company... it’s tax deductible...it is not out of their own pocket... 





dakota dele 
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(We met on a flight - Tim passed away with 
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PROTECTING AUSTRALIA’S PILOTS 
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RBUS () The Australian Federation 


a of Air Pilots’ mission: 
‘BaLuftha 





To represent and 
promotes the interests of 
Australian professional 
flight crew and champions 
the highest possible 
standards of aviation 
Safety 








WHY SAMPLE? // 


Dozens of concerned and affected pilots 


There are unanswered questions 

Unactioned findings from Gov't reviews & enquiry 
Refutable statements in other sampling studies 
Adding to the data 


Our industry needs to acknowledge the problem and improve 





2000 AUSTRALIAN SENATE ENQUIRY // 


Recommendation 3 


The Committee believes that development of an appropriate and accurate test for 
the presence of any chemical fumes in aircraft cabins is essential. The Committee 
accordingly recommends that CASA liaise with operators to develop a 
standardised, (compulsory monitoring |program which provides for testing cabin 
aircralt air during fume events. 





Recommendation 8 


The Committee recommends that CASA assess how quickly fitting appropriate 
high-grade)air filters can be made mandatory for all commercial airliners flying 
in Australia to minimise any deleterious health effects arising from poor aircraft 
cabin air on crew and passengers. In view of proposed standards currently under 
consideration in the United States of America and elsewhere, such a system 
should ideally be designed to remove at least 99% of particles 0.3 micron or 
larger from recirculated cabin air. 











The committee received considerable evidence criticizing aspects of the regulatory 
regime for the aircraft and focusing on issues that should be taken up by 
regulators, such as: 

¢ Oil leaks & exposure to oil fumes 

¢ Responses to crew complaints 

¢ Testing procedures for cabin air 

¢ Modification measures necessary to remedy fume contamination 





RECOMMENDATIONS // 


Domestic and international laws anid standards for the quality of air in aircraft 


2.21 Australia has adopted design standards and requirements for all aircraft which 
are cerhified ta operate m Australian airspace. As noted above, these melude Umted 
States Federal Aviation Reeulations (FAR’s) (section 24) and jount European Aviation 
Regulations (section 25). Both standards have requirements dealing with cabin 


venilaton anc conlammnalion m an amerall FAR 25.831 requires: 


(ai) Under normal operating conditions and in the event of any probable 
failure conditions of any system which would adversely affect the 
ventilating air, the ventilation system must be designed to provide a 
sufficient amount of uncontanmumated air to enable the crewmembers to 
pertonnu the duties without undue discomlort or fahgue and to provide 
reasonable passenger comfort... 


CASA confirmed to the Commnuttee: 


Perhaps an important section 1s a statement wider section 25.831 of FAR 25, 
which says that: ‘Crew and passenger compartment air must be free from 
hannful or hazardous concentrations of gasses and vapours.” That 1s the only 
slaleinent thal is om there al present. Whal constitutes ‘hannful’ or 
‘hazardous’ is lefi up to other standards, and generally they are getting mito 
the health standards. ~ 


(b) Crew and passenger compartment air must be free from harmful or hazardous 
concentrations of gases or vapours ... 


(c) There must be provisions made to ensure that the conditions described in para B ... 
are met after reasonably probable failure or malfunctioning of the ventilating, heating, 
pressurization or other systems and equipment. 








CASA’S VIEW // 


CASA outlined in a submission its views on air quality on the Bae 146 aircraft. 
According to the authority: 


A team of Australian medical experts reviewed the test methods and results and 
has declared that there is no contaminant present in the cabin environment that 


will induce any long term or permanent effects on the passengers or crews. 


In particular, at no time was tricresylphosphate (TCP) ever identified in any sample 
gathered in an Australian aircraft. 


Action Recommended: 


It is believed the quality of the air to meet certification standards for this type 
of aircraft should be tested by Gas Liquid Chromatography to determine levels 


of organophosphates and their interaction with hydrocarbons/volatile organic 
compounds in the ambient cabin air. 








EPAAQ FORMED 2007 // 


EPAAQ was unable to reach definitive conclusions saying it is an area of research where 
“reasonable people’s views can differ”. 


CASA considered it wouldn't propose any major policy or regulatory decisions based on that 
evidence. It also noted many of the EPAAQ’s recommendations fell outside the ambit of 
CASA's functions set out in the Civil Aviation Act 1988 (Cth) 


Civil Aviation Advisory Publication (CAAP) advises: 
(c) smoke, toxic or noxious fumes inside the aircraft is considered a major defect 


FAA response to 2002 CAQPCCA report acknowledges: 
“FAA rulemaking has not kept pace with public expectation and concern about air 
quality and does not afford explicit protection from particulate matter and other 
chemical and biological hazards. No present airplane design fulfills the intent of 25.831 
because no airplane design incorporates an air contaminant monitoring system to 
ensure the air provided is free of hazardous contaminants.” 
(Federal Aviation Administration, 2005) 





REGULATOR RESPONSES // 


EPAAQ report, CASA said: 


Contamination of aircraft cabin air by bleed air —a review of the evidence (up to 
September 2009) 


The panel’s inability to reach definitive conclusions highlights the fact that this is an 
area of research where reasonable people’s views can differ. In the circumstances, it 
would not be prudent for CASA to make major policy and regulatory decisions on the 
basis of inconclusive evidence. 


EASA found: 

* acausal relationship between the reported health symptoms and oil/hydraulic 
fluid contamination has not been established. As there is no conclusive scientific 
evidence available, the Agency is not able to justify a rulemaking task to change 
the existing design or certification specifications. 





OTHER REPORTS // 


Cranfield University: Are there organophoshates in cabin air? 


¢ Inover 95% of the cabin air samples, no detectable amounts or ToCP or TCP were 
found. TBP was detected more routinely, but not in the majority of samples. 


EASA study 2017: Final Report Preliminary Cabin Air Quality Measurement 
Campaign 


¢ Study results indicate that under routine aircraft operations, contaminant level in 
aircraft cabins are mostly similar to those in residential and office buildings 


¢ In more than 95% of all cabin air samples, no detectable amounts or ToCP or other 
TCP’s were found. 


¢ Inconclusion: “... A continuation of the previous measurement series is also not 
considered as constructive, since encountering a real TCAC-event, which needs to be 
investigated in order to answer some of the questions, remains very unlikely ...” 


Is this a “pretended” problem? 
Do we know the isomers to look for? 





SENATE’S FINDINGS - ATTITUDE OF AIRLINES 
TO STAFF’S REACTIONS TO FUMES // 


The response to employees showing symptoms of toxicity showed a lack of understanding 
of duty of care. 


Information issued to staff on the issue has attempted to minimize the problem using 
language of public relations. 


The basic approach to injured staff appears to be adversarial. 
Staff have been bullied and have been victimized. 


Workers have been forced to keep working in conditions that continue to aggravate their 
health, in some cases to permanent incapacity. 


Staff have been offered demeaning duties, and genuine attempts at rehabilitation have 
been lacking. 





TSB — 323 REPORTED EVENTS IN 2018/) 









1 
Z| Date range: From 16 Jan 2018 to 15 Jan 2019 
2 ; Location: All 
- Australian Government Occurrence Category: All 
=. Australian Transport Safety Bureau eee ee 
6 Aircraft and Airspace: All 
7 4 
ae ATSB Aircraft Operation Operation Airspace Airspace 
Date Reference Category ee Location Latitude Longitude State Model P P P P 
8 are Investigation Manufacturer Type Sub Type Type Class 





During pre-flight preparations, fumes were detected in the cockpit and cabin. 
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During cruise, the cabin crew observed smoke emanating from an in-flight 
entertainment screen. Engi laced the in-flight entertainment screen. 
During climb, cabin crew detected fumes emanating from an oven. 


Passenger 











During climb, fumes were detected in the cabin. The engineering inspection did not 
determine the source of the fumes. 
During pre-flight procedures, fumes were detected in the cockpit and cabin. The 
2 ing inspection revealed the left hand pressure regulating shutoff valve was 
During descent, fumes were detected in the cabin. The engineering inspection did 

not determine the source of the fumes. 




















During descent, fumes were detected in the forward galley. The engineering 
inspection did not determine the source of the fumes. 
During cruise and again in the next sector, fumes were detected in the cabin. The 
2 3 ection revealed the left and right hand water separator drains were 
During descent, fumes were detected in the cockpit and cabin. The engineering 
inspection could not determine the source of the fumes. 
During shai shut-down, fumes were detected in the cockpit and cabin. The 

ing inspection did not reveal the source of the fumes. 
During preparation for flight, fumes were detected in the cockpit emanating from the 
avionics. 


During descent, fumes were detected in the cockpit and cabin. 


During approach, fumes were detected in the cabin. The engineering inspection did 

not reveal the source of the fumes. 

During push back, fumes were detected in the cabin. The source of the fumes was 

traced to APU exhaust air being taken in by an engine on Start up and spreading 

During descent, fumes were detected in the cabin. Engineers replaced the coalescer 
bags. 


During descent, fumes were detected in the cockpit. 


During approach, fumes were detected in the cabin. The engineering inspection did 
not reveal the source of the fumes. 
During cruise, fumes were detected in the cabin. The engineering inspection did not 
determine the source of the fumes. 
During cruise, fumes were detected in the cabin. Engineering replaced the right air- 
conditioner coalescer bag. 
During cruise, fumes were detected in the cabin. The engineering inspection 
revealed a leak in the APU. 


During descent, fumes were detected in the cockpit and cabin. Engineers replaced 
the oil pump. 
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WHY SAMPLE FOR TCP? // 


Because the engine oil manufacturers appear to 
report the TCP content of their products unevenly, 
Professor Chris van Netten of the University of 
British Columbia analysed the actual TCP content — 
both total TCPs and the relative amounts of four 
TCP isomers — in samples of eight aviation engine 
oils and three aviation hydraulic fluids. 


The total TCP content of the eight oils ranged from 
2.2 to 5.2% (by weight), and the total TCP content 
of each hydraulic fluid was zero. 





Tricresyl Phosphate ((TCP) is an indicator of bleed air contamination of aircraft air 
¢ Highly specific to most jet turbine oils 


To assess risk, need to measure the level of exposure to bleed air components 
¢ TCP and its isomers are known neurotoxins 
¢ Important indicator of the presence of all other pyrolysis products 





BEARS, 


TCP ISOMER PATTERNS FROM JET 
TURBINE OILS // 
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Short communication 





Design of a small personal air monitor and its application ——— ov sampler wih cp remove bowing deta nd Ste owing 
in aircraft 

















Chris van Netten’ 


School of Population and Public Health, University oy Bish Columbia, 
James Mather Bucking, S84 Farview Avenue, Vanccomer BC, Canada VET 123 


ARTICLE DATA ABSTRACT 

Antic history. A smal] air sampling system using standard air [ter sampling technology has been used ta 

Received 2 Ann 2008 monitor the 2ir in aircraft. Tne device is a sta: ABS constnacted cylinder 5 cm in diameter | 

Received. in revised form 22 fuly 200 and 9 cm tall and can be operated by non techincal individuals at an instant notice. It is , pFA has. 
Accepted 30 July 2008 completely self contained with a4 AAA cell power supply, DC motor, a centrifugal fan, and . 7 


aocommodates standard 37 mm filters and backup pads. The monitor's totally enclosed and 
ore assembled in the laboratory. A 45° twist of the cap switches on the motor and 





Protocol for the use of the VN Sampler for furne events in engine bleed pressurised aircraft cabins. 


Rules for activating the VN sampler 


= Preoare the sampler when there is a persistent presence of abnormal a'r quality’ and the Pic is 


planning to submit a company pilot report or maintenance entry ' 


= Remove the tanrpler from the plastic bag and “twit ON" to actwete. The tampler may be placed 


in any CONVENIENT position or the fight deck; 4 does not need to be next an air vent 


= Once activated, run the sampler for a4 long a4 the Might lasts of until the batteries run out 


(approaimately 1 hour), whechever occurs first. Continue to run the sampler even if the abnormality 
has dsappeared. Make sure you annotate the time on/off. 


= Keep track of the exposure time and any of the details. ie. aircraft, date, location and duration of 


sampling, phase of 


fight, describe the type of abnormality etc. See attached fume event form 


= Close the sampler (twist OFF) and place inade a self sealing plastic bag that was provided 


The AFAP has provided a stamped return address package for you to post the sampler and ths 
report to the Safety and Technica! department 


bee fe ee ed ee ee 
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Please fill in this report if you have activated the VN Sampler device within an aircraft cabin/flight deck. 


Name or Sampler # — monthly crew hours flown | monthly aircraft cycles flown 


107B 


Time of 
activation LCL 


Company report 
reference, e.g 
Maint log, safety 
report 


Odour comments 
Oil, skydrol, fuel, 
dirty socks, gym 
bag, electrical etc 


Short report: 


Oil/dry heated 
dust 


Fomin Yates Reg 


Phase of flight | Cruise a 
e.g GND, Eng start, descent 
taxi, climb, cze, 

dsc, app/Idg 


Fume comments 
e.g visible, haze, not 
visible etc 


Route or 
FLT No 


Contamination Likely bleed 
comments air or ECS oil 
Likely bleed air? . c 
Ovens? etc 


This A/C has exhibited oily odours late on descent recently, including on both 
sectors today. Not noticed by crew other than the Captain. These mild odours are 
generally treated as normal. This A/C has had recent fume events involving oil 
found leaking from the APU. Air sample taken based on reasonable suspicion of 
the presence of oil in the air conditioning. Request confirmation of oil presence in 
this sample. Post flight, Capt’ had an aggravated chest & dry cough which 
persisted through the night. Sampling commenced in cruise...............+. 














Tig, 2-VN sampler with cap removed showing details and filer housing. 





CABIN AIR SAMPLING RESULTS // 


October 2018 Australian samples 


nanograms (ng) per filter analyzed 


Flow San pene 
rable Lirnne Voluinne TCP/ m3 TRP/ m3 
mrtg mpp- Liters/ liters of 
ST pee TRP in-TCP TCR TCP p-TCP Total TCR rvainh rebrites elit ge ng 


a3 SIM “LOD 
LO? SIM 9.00) “LOI “LOD <LO “| ‘ : 0 4A4.4 
114 Sihvi Ge.) “LOT “LOL “LOT id lL. ci 3.00 +. 10S. / 
115 SIM bi z wd Le o.o8 1, 35.0 OM Mo. 663.60 


119 SIM en , 176.0 on a7 ,.85 O (K} ta 72.00 17990, 00 
125 Sih 4,00) 4.92 #6. | re. | i 19)..00) 1/381.) 1510.70 
161 SIM 9.00 4.86 9.78 2.90 3. : 43.0 495.40 104.10 





, ae — _— _ Sample #119. 
Blank1 <=LOD <LOD “LOD “LOD “LOD 
Blank?  <LOD <.op = <LOD——Ci<LOD——sC LOD The exposure was calculated on the basis of 64 minutes. It appears however, 
Blank3 <LOD <LOD eLOD “LOD <LOD from the pilot’s notes, that the bulk of the TCP and TBP might have been 
Blank4  <LOD <LOD “LOD “LOD <LOD collected during the last segment of sampling. If this was indeed the case, and 
using the 35-minute sampling period, the exposure could have been as high as 
— = == _ 6 7081.4 nanogram of TCP/m3 and 2542.9 nanograms of TBP/m3. 





LOD: Limit of detection 


SIM: Single bon Monitoring for Tributyl Phosphate (TBP) and Tricresyl Phosphate (TCP) 


Van Netten: Given levels of TBP & TCP in normal flights are usually close to or 
below our detection limit, almost all samples, except #83, identify a problem. 





STUDIES MEASURING TCP // 
a ee 


Study Year 


Denola 2011 


Fox (PhD) 2012 


Cranfield 2011 


Hanhela 2005 


Fox/Malmo 1999 


2018/19 


Country / Region 


Australia 


US 


UK 


Australia 


Sweden 


Australia 





Max. level TCP Number of number of number of 
ug / m3 samples aircraft events 


51.3 78 46 individual a/c 9 incidents smoke odour 
100 Single engine study 


5 a/c types ‘minor' fumes in 25 
flights 


3 a/c types no correlation, but some 
samples taken with 
canopy open 


20.3 1 (1) engine test 


ff ™N f ™ 
Gen) Ge) taavne Cas) 


300 different substances — cabin and bleed air studies 
Pyrolysed oil 127 + (EASA 2017) 


Van Netten: TCP makes up only 3% of jet turbine oil - the reported values 
should be multiplied by 33 to obtain exposure to all engine oil components 
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PILOT EXPANDED REPORTS // 


October 2018 Australian samples 


nanograms (ng) per filter analyzed 


Flenw Sar wopalinng 
rate tierve Volune TCP / m3 TRP/m3 
crag HL liters/ Liters of 
sa rrigletl TRP m-TCP TCP TCP -TCP Tivttal TCP Ti minutes aut rig ye 
115 SIM 41.00 “LOD fe 2 JO Lz23 5.0 1.00 500) “yh 106.90 563.60 
119 SIM 4S.00 Go,.45 176.05 B17 cP ar a | eins oF 1.00 00 64 0} TA? ? 60 1790.60 


Sample 119 - This sample shows one of the higher results for TBP and TCP yet there was barely a detectable odour during the sampled 
flight. None of the cabin crew detected an odour at all and the pilots detected it only mildly. 


This aircraft had a leaking hydraulic pressure line, with extensive hydraulic oil evident on the belly of the aircraft, as shown in the images. 
Note that the aircraft had been cleaned only 2 weeks earlier. Post incident this aircraft was designated for a further wash ‘at company 
convenience’. On further investigation, engine oil was found to be present in the APU compartment drain and fumes were noted by the 
engineers when the APU inlet door was opened. 


5 days later a significant oil fumes event occurred which involved an air return. No cause was found and it was suggested that the odour may have 
been due to "smelly passengers". Gne crew member showed a slightly elevated carboxy haemoglobin level (carbon monoxide) when tested several 
hours after the event. 


This aircraft had also been reported for a strong oily odour on 2 previous recent occasions. After one of the events, engineers assessed 
the odour to be due to atmospheric ozone in accordance with the Trouble Shooting Manual. 


Sample 115 - This sample was taken on reasonable suspicion of a problem due to recent occasional sporadic oily 
smells. Only one crew member detected a very mild "dusty" or "dry musty" smell during the sampling period. No 
other crew members detected any odour. This aircraft subsequently had a fumes event 6 weeks later with the 


crew describing a mild "heated dust-like" odour and then a moderate|"sweaty socks" odour. Upon investigation 
engineers discoveredjoil leaking from the APU into the APU air intake 





nanograms (ng) per filter analyzed 


Flow Saami plang 
rate birnve Vol uirnie TCP m3 TRP ims 
CLL rvapepe Liters, Liters of 
Sampler TRP imi-TCP TCP TCP p-TCP Total TCP Th minutes Ali rigs rip 


114 51h bs.00 =LOD “LOD =LOD 1.19 1.19 1 a5 33.00 1.000) 1085.7 


Contaminated cabin air sampling report (VN Sampler): 





Please fill in this report if you have activated the VN Sampler device within an aircraft cabin/flight deck. 


Name or Sampler # — monthly crew hours flown en monthly aircraft cycles flown 


a _ 
Oct 2018 
Date LCL A/C type 
—— Route or 
Time of FLT No 
activation LCL A/C Reg VH - a 
Company report Phase of flight | Cruise & Bleeds On or Off 
e.g GND, Eng start, descent 


reference, e.g 
taxi, climb, cze, 
Maint log, safety dsc, app/Idg APU, On or aw 


report 





Odour comments Bleach/chllrin Fume comments _ Possible 

il, skydrol, fuel : . .g visible, h t : 
fe eeliketdieaning | “8 ‘se haze no aes cleaning 
dirty socks, gym : visible etc Likely bleed air? 
bag, electrical etc fluid IFE/equipment ? agent, 

Ovens? etc possible oil 
Short report: Cabin crew reported bleach or chlorine like odour in forward cabin.From row 5 
forward. Not detected in the flight deck.......... Odour detected in cruise and present 


a “sweaty socks smell” 


until after landing. One cabin crew also detected this cabin 
crew felt nauseous soon after t/off. Anothe 
pilot could smell anything unusual. The VN sé 


before descent cli arrival at the ‘gate. The sampler was run tar ake min’s. The 









Van Netten: Sample #114 Significant TBP was detected as well as a trace of TCP. 
Again, as above, a high acute exposure could have been present during the sampling time. 
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APU HYDRAULIC OIL INGESTION 


nanograms (ng) per filter analyzed 


Flow Sampling 
rate tine Volurne TCP m3 TRP m3 
nonnp- rrapypi- Liters/ Liters of 
sampled TRP m-TCP TCP TCP pTCP Total TCP rina minutes Alt rage ne 
83 SIM <LOD <LOD <LOD <LOD <LOD <LOD 1 oh oy LOD 

LO? SIM 4.270 =<LOD =<LOD <LOD LOD =LOD 1.2 20.00 pel LOD +8323 
114 Sih bs .00 = LOD <LOD =LOD 1.19 1.19 ] a3 9.0) 1.000) 1085.7 
115 SIM 31.00 <LOD 79 2.06 123 Ocho 1.00 55.00 95.00) 106.90 563.60 
119 SIM 29.00 69.95 176.05 e017 34.73 247.85 1,00 64 00) 64.00 3877.60 1390.00 
125 Sih ‘4.00 14.35 26.38 15.46 Bb] 62.20 1.10 45.00 49.00) 1781.60 1510.70 
161 SIM 5,00) 4.86 9.78 6.21 2.93 25.88 1.20 40,00 43.00 495.40 104.10 


APU hydraulic oil ingestion 
aligns with detected TBP 








APU HYDRAULIC OIL INGESTION 
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COMMON SYMPTOMS OF ILLNESS // 


Single or short-term exposures: 


Neurotoxic: blurred or tunnel 
disorientation, shaking and tremors, 
loss or seizures, loss of consciousness 


Psychotoxic: memory impairment 
headache, light-headedness, dizziness, 
confusion and feeling intoxicated 


Gastro-intestinal: nausea, vomiting 


Respiratory: cough, breathing 
difficulties 


Long term low-level exposure or residual 
exposure: 


¢ Neurotoxic: numbness (fingers, lips, 
limbs), parathesias 


¢ Psychotoxic: memory impairment, lack of 
coordination, forgetfulness, severe 
headaches, dizziness, sleep disorders 


¢ Gastro-intestinal: salivation, nausea, 
vomiting, diarrhea 





RAW DATA SECOND SAMPLE SET // 


TBP m-TCP mmp-TCP mpp-TCP p-TCP 
Sample 102 SIM 57.15 5./6 12.88 7.31 2.63 


Sample 68 SIM 96.30 <LOD <LOD <LOD <LOD 
Sample 69 SIM 68.08 <LOD <LOD <LOD <LOD 


Sample 71 SIM 68.87 0.96 2.00 1.19 <LOD 
Sample 81 SIM 83.17 <LOD <LOD <LOD <LOD 
Sample 163 SIM 112.84 1.87 7.09 7.62 3.87 


Sample 112-1 SIM 165.19 <LOD <LOD <LOD <LOD 


1-Con(Process control) SIM 51.32 <LOD <LOD <LOD <LOD 
Blank 1 <LOD <LOD <LOD <LOD <LOD 
Blank 2 <LOD <LOD <LOD <LOD <LOD 


Blank 3 <LOD <LOD <LOD <LOD <LOD 


Blank 4 <LOD <LOD <LOD <LOD <LOD 


LOD: 2.08 0.92 2.36 1.83 0.43 








LOSS OF MEDICAL — REPORT EXTRACTS // 


MEDICAL PANEL Hair sampling confirming a presence of 
chemicals including tri-cresyl phosphate (TOCP) 


- [9/17 _ |"Shutdown fumes” In his system, 


















_| [2/18 _ [Strong oil fumes in cruise | found’ offered history most compelling and 
BO could not exclude the possibility of a syndrome 
a 3/18 |“Fumes PAN SYD MEL’ , p y ; y 
secondary to chronic airborne chemical 

a 4/18 “Hydraulic Leak. Severe Hyd residue” EXpOsure. 
| (4/48 [*Hydraulic Leak” report by Dr __ proposed a link between 
_ | {sits exposures derived from his employment and his 
a 6/18 |“Fumes again Cabin crew report post flight” 

3 — 7 subsequent symptoms, and concluded with the 
a /18 “Hydraulic leak/Staining Fume Risk” é' 
~| fre fe , 7 : recommendation that should not fly again 

umulative Respiratory effects 

-| Jae |*Smellon start in an aircraft in which fume events were 
| Lusi | “Transient smell on start (oily)” possible, 





Report: Opinion: Treating doctor correspondence, Serial consultations Enduring and fluctuating 
symptoms of cough and wheeze, but additional non-specific, systemic symptoms such as malaise and 
headache. ...there was evidence of tri-cresyl phosphate exposure and organophosphate exposure in 
specialist pathology sampling.. 

Although not a generally accepted term,...case is consistent the diagnosis of "aerotoxic syndrome’. 
There are ample grounds to surmise that symptoms are consistent with airborne chemical fumes 
used in the aviation. “pBFARBN , 
There is evidence that in some cases, symptoms can endure indefinitely. —— — 
Treatment is supportive. 





UFPs: CRANFIELD 2011 // 


600004) 
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No air quality event reported 
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UFPs: GCAQE 2018 — FLIGHT 3 





Test 009 
Aircraft 12 years old 
90000 7 
go000 + a 
| * 81,000 with strong oil 
ron - } smell on ground when 
| APU selected on 
* 
60000 4 
50000 = 
ns _*Seriest | 
40000 +— _— . ae : 
Reapplication of climb $ 
| . : : power during climb : 
30000 ATFOGL OF-+-E ASH 


bleed air after takeoff 


20000 





i. 


11:45:36 12:00:00 12:14:24 12:28:48 12:43:12 12:57 36 13:12:00 13:26:24 13:40:48 13:59:12 


Time 
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UFPs particles/cc 


UFPs — GCAQE 2018 — FLIGHT 4 














Test 011 
Aircraft 14 years old 
120000 
100000 + | 
4 97800 after introduction of engine 
bleed air — full power takeoff 
* 
g0000 + . 
* 
81500 — 1* pack selected on when * 
climb power set after takeoff r% : 
60000 4 [ *Seriest | 
| 
3 
40000 7 
oe | Data collection stopped 
0 - a : 
19:37:55 19:40:48 19:43:41 19:46:34 19:49:26 19:52:19 19:55:12 


Time 


AW PFARS 
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Aircraft Cabin Air — Neurotoxicity 


Daniel Dumalin, az sint-jan brugge-oostende av — campus Henri Serruys, Belgium 
Lab of Neurophysiology | qEEG — ERP 


AerotoxBrain@proximus.be 
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Neurophysiology 


qEEG — ERP - EP 
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Neurophysiology 





° EEG aincausnavenrine ieovranah varia snenrurueniemene vi nearaniees 


Neurophysiology - EEG 


Neurophysiology 


qEEG Event Related Potentials 





2D Topography 3D Source Analysis 5 
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Neurophysiology - qEEG and E(R)P 





Neurophysiology 





* qEEG 
Q Delta Theta Alpha Beta 


eye Soe 
: Eyes Closed " Absolute 
; Open Power | | | 
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qEEG - Spectral Analysis and 2D Topography 





Neurophysiology 
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qEEG - Low Resolution Brain Electromagnetic Tomography 














Preliminary Results 
Total subjects: 30 
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Neurophysiology 





G 


¢ Subjects 
" 30 (of 100+) 


" Pilots, Flight Attendants 
Frequent Flyers, Ground Crew 


" 25-67 years of age 
" 2-42 years of flying 


= Active or 
Non-active for 6 months — 22 years 


Neurophysiology - Subjects 


Group 1 


Total subjects: 25 of 30 





Theta Alpha > 2.576 SD 
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Group 1 - Persistent base rhythm 





Group 1 


Total subjects: 25 of 30 





¢ 2D Topography 


Beta Beta 1 


Absolute 
Power 


EEWERE 








Relative 
Power 
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Hz 








= a 
32-1012 3 


(CT cole) oe ee | xt nl GREwAD M0) oL0)24 a) o) aly 


Group 1 


Total subjects: 25 of 30 





¢ LORETA 
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Group 1 


Total subjects: 25 of 30 





¢ qEEG 
= 3D LORETA 





LORETA-EKEY 


+5 cm x) 
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Group 2 


Total subjects: 4 of 30 


Alpha > 1.960 SD 


Full EEG 
a-Bursts 
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Total subjects: 1 of 30 
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Pattern Distribution 


Total subjects: 30 
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i I 
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, " Peak Frequency: 7-12 Hz = R-Post-central, R-Superior Temporal _ 
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I ) r | 
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Connecting the dots 
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Cognitive (dys)functions 


° Functions * symptoms 


= Sensory integration 


» Attention 


= Executive functions 








Hypersensitivity 
Attention problems 
Losing train of thought 
Unable to multitask 


Trouble following 
conversations 


Difficulty remembering 
steps in a multi-step 
process 


Slow processing 


(Coye4avidhv=m mer alersle)akcw-}alems)"zaal eine) sats 


Cholinergic System 
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¢ Organophoshates 
" Bleed Air - Tricresyl phosphate (TCP) 
=" Desinsectants 
=" Flame Retardants 
¢ Carbamates 
=" Desinsectants 
¢ Metals 
"= Aluminum 
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Cholinergic System 


¢ Acetylcholinesterase (AChE} 
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Cholinergic System 


¢ Acetylcholinesterase (AChE} 
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Aerotoxic Signature (AS) ? 





Organophosphates 
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Cholinergic System 


Sound and Light hypersensitivity 
Attention problems 

Losing train of thought 

Unable to multitask 

Trouble following conversations 


Difficulty remembering steps 
in a multi-step process 


" Slow processing 


as a 


Acetylcholine (ACh), Choline Acetyltransferase (ChAT) 












ribution 
AchE, ACh, ChAT, 
receptors 


Aerotoxic Signature? 

















Thank you for your attention 


Daniel Dumalin, az sint-jan brugge-oostende av — campus Henri Serruys, Belgium 
Lab of Neurophysiology | qEEG — ERP 


AerotoxBrain@proximus.be 
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Aircraft Cabin Air Conference 2019 


Making the Safety Case for 


Aircraft Operators 
(Fume Risk in the Cabin/Cockpit) 


Chiff Edwards 


Independent Aviation Risk > a 
Management Consultant (Retd) 


Background 


This presentation suggests arguments to aid the 
management of risks of fume contamination of the 
cockpit or passenger cabin during operational flights. 


The focus of this paper 1s commercial aircraft 
operations. 


Cliff has spent much of his career leading in developing 
aviation safety systems for aircraft operators. 


He has no specialist skills in aircraft design, or 
specialist knowledge in fume contamination, but he 
recognises the risks. 


> a 


Managing Risk 


¢ Risks exist in life, & largely we manage these, 
— 1f we know of the risks, and 
— understand how to control the level of risks we face. 
¢ Technically “risk” 1s a calculated point to predict the 
probability x severity of the risk effecting the 
organisation. 
¢ Public transport aircraft operators are required to 
manage their risks as a corporate responsibility, and 
this sits with the Accountable Manager. 


> a 


Managing Risk 


Donald Rumsfelt made famous the statement that 
there are three classes related to Risks: 


»= Known Knowns 


"= Known Unknowns, and 

"= Unknown Unknowns 
The former as we know these risks should be managed already. 
The latter can’t be effectively managed as they are unimagined. 
The middle group which I believe includes fume contamination 
is an emerging risk needing to be effectively managed. 
It falls to aircraft operators to demonstrate management of this 
risk, or potentially face future litigation. 


> a 


Demonstrating Risk Management 


¢ Risk & Hazard Management is a core requirement 
of the operator’s required SMS. 

¢ Risk assessments are done using a structured 
approach, typically a matrix. 

¢ Once risks are assessed, it 1s a corporate 
responsibility to demonstrate effective control. 

¢ Risks should be managed effectively to levels of an 
acceptable level of safety, preferably ALARP (as 
low as reasonably practicable). 


Om 


The Argument for ALARP’? 


What do we mean by achieving an acceptable level of safety: 
¢ Is ALARP Achievable? 

¢ What is Tolerable? 

¢ What is an acceptable level of safety? 





Legal safety level as the 
Way the lawyers see | 
Well intentioned safety 
level 


Where we are today 
safety level 


Tolerability as defined as th 
minimal level acceptable te 
the Accountable Manager 


OM and MOE ALS (Acceptable 
olan) ey-lahvasie-larerelaek evel Level of Safety) 














True ALARP 


Temporal ALARP 
Level 


Additional Requirements olerability Level 





e Good practices 


Define the minimum 


Baseline Level 
level you must meet 
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The Operational Safety Case 


The aircraft manufacturers and the regulators 
appear to be reluctant to aid operators in managing 
this laterly defined risk, we developed a bowtie 
hazard analysis and a draft Safety Case that can be 
used by the operators. 


These documents offer a modelled approach that 1s 
not specific to any aircraft type, or aircraft operator. 


However it is relevant to the fume contamination 1n 
the cabin and cockpit. 


And its free of charges and consultants! 
Om 


The Operational Safety Case 


¢ Safety Case includes a generic Risk Assessment. 


¢ Fume contamination is an emerging risk to the 
aircraft operator 1n their risk profile, it nonetheless 
exists. 


¢ As arisk that can impair the health & performance 
of both flight crews and the operator’s clients it 
should not continue to be ignored. 


> a 


The Operational Safety Case 


¢ The level of risk 1s not the key issue driver but it 
exists and has caused harm to occupants of 
pressurised aircraft so it is relevant. 


¢ The aircraft operator’s Accountable Manager 1s 
responsible for the management of their risks. 


¢ If not appropriately addressed it will leave aircraft 
operators exposed to challenges and potential 
liabilities. 
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Th 1e A Haz ard Analy sis (HA) 
































¢ DON’T PANIC! 


\, ek This 1s the total 
w= picture 











































































































¢ Let’s break it down 
to core elements 
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T1-R Inadequate [-} | | 


Core Elements of the HA 





oversight for air 
contamination 





aviation regulatory 


Aircrew reporting of 


contaminated air events 








Testing of the air in the 
cockpit/ cabin 











testing of hot 
oils in the aircraft 
environment 








Fs 











T6-O Engineering 
defect resolution 
does not 
adequately 


consider toxic fume 

release into the gas 
path used for 
pressurisation 


One Hazard (Contaminated Bleed Air) 





T2-R OH&S 
regulations not 
applied or enforced 


for air crew and 
passengers in 

relation to air 
contamination 





FS 








Testing to consider the 
effects of transient 
power changes 
including start up and 
acceleration or 
deceleration on 
provision of clean air 





Enforcement of testing 
of the ability to meet 
the design standards 

during certification 











rs 








Uti ition of bleed and 
cabin air sensors to 
measure the quality of 
the air in the occupied 





spaces 


General awareness of 
the problem of air 
contamination by the 
aviation industry 





Defined regulatory 
requirements for clean 
air in Design Standards 





Awareness that the 
y levels change 
in individuals 
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General awareness of 
the problem of air 
contamination by 

aircrew and operator 





OH&S regulations as 
applicable to aviation in 
place to protect 
crew/pax 








Aircraft operators 
compliance with OH&S 
regulations including 
records of monitoring 
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T4- D Unfiltered air [-| 


drawn from the 
engine and APU 
systems for 


pressurisation and 
cabin conditioning 
(Test to be done) 


+ 








Utilisation of bleed and 
cabin air sensors to 
measure the quality of 
the air in the occupied 
spaces 








Company investigates 
all reported or sensor 
indicated fume events 








OH&S oversight of the 
results of cabin air 
quality tests 





Contaminated air events 
included in the 
corporate risk profile 
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T3-R Oils reaching [-} 
the gas path used 
at high 


temperatures 
where toxins are 
released 





= 








Oil certification to cover 
temperatures likely to 
be encountered in the 

engine 





Bleed air taken from low 
temperature bleed ports 
where possible 
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Type and specification 
of oil used in the engine 
to Mil Spec/SAE 
standards 
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Design Regulations 
specifically include 
emissions controls 








rs 














T5-D Limited loss of|-} 
oil across engine 
labyrinth & carbon 
seals is common 
and a function of 
the design and is 


exacerbated by seal 
wear and other 
factors 


Aviation industry clean 
air standards to be 
consistent with other 
transport industries 





Bleed air purity tests on 
certification 
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Certification of the 
aircraft systems met in 
accordance with the 
regulatory design 
standards 


Maintenance schedule 
including testing and 
maintenance of the 
pressurisation systems 
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Seals checked according 
to engine overhaul 





schedule 








Positive pressure 
utilised to minimise 
leakage 
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Designed-in use of non- 
bleed air for cabin 
conditioning or 
pressurisation. 











Seal clearances to 
minimise oil loss 
defined in the design 
standard 
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OEM to provide detailed 
instructions and 
maintenance manual 
procedures for 
rectification of all oil 
leakage events into the 
gas streams above 
proscribed leakage 
rates and also those 
below the defined limits 
associated with adverse 
effects 


Raise general 
awareness of the 
problem of air 
conta ation by the 
aviation industry 
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Include in the training 
of ground maintenance 
staff the issues and 
effects related to 
contaminated air and 
fume events 





Follow maintenance 
manual instructions and 
procedures set by OEM, 

aircraft operators 





Correct and accurate 

recording of oil usage 

and defect monitoring 
related to oil usage 














Provision of accurate 
MSDS and labelling 
information at the work 
locations of oils and 
fluids used. 





Maintenance standard 
to define the 
acceptability and limits 
of a fume events 





Aircrew and/or 
engineer reporting of 
contaminated air events 
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H-14 


Contaminated 
Bleed Air (1) 





Toxic fumes 
from a/c 
pressurisation 


systems in 
cockpit and 
cabin 





| |-] Single extreme 


event results in 








Identify and isolate the 
effected air bleed 











FS 








Aircrew utilise 
emergency checklist 
actions when fumes 

detected. 





Aircrew use emergency 
oxygen 





Diversion required to 
land as soon as possible 








incapacitation or 


Emergency evacuation death of one or 
ASAP after landing more crew or 
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Passengers 
le 


An air 
contamination 








Identify and isolate the 
effected air bleed 
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Aircrew utilise 
emergency checklist 
actions when fumes 

detected. 





Pilots use emergency 
oxygen 





Diversion required to 
land as soon as possible 








event, results in 
impaired or 
incapacitated crew 
unable to maintain 


Emergency evacuation 
ASAP after landing 
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ES 
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a control of the 
aircraft and/or 
effect a safe 
landing 





















‘a =] Inhalation of tox 





LI 


Ll 


LI 
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fumes results 





Identify and isolate the 
effected air bleed 
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Aircrew utilise 
emergency checklist 
actions when fumes 

detected. 








degradation of the 
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Aircrew use emergency Diversion required to Emergency evacuation aircrew 
oxygen land as soon as possible ASAP after landing performance 
+ + + 
| | | {-] Long term health 




















issues lead to harm 





Identify and isolate the 
effected air bleed 
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Aircrew utilise 
emergency checklist 
actions when fumes 

detected. 





Aircrew use emergency 
oxygen 


Diversion required to 
land as soon as possible 





of crew members or 

frequent flyers with 

regular exposure or 
susceptible 


Emergency evacuation 
ASAP after landing 
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Aircrew medical of 
general continuing 
fitness for flight. 








Health investigations as 
required to address 
specific health effects. 








Remove from the 
current flight roster 
until fitness regained 
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Routine reviews of 
industry best practice 
and advancing 
technology and state of 
knowledge 








Passenger expectations 
and perceptions studied 
to identify percieved 
trends 








Damage to 
airline/operator 
reputataion 
through inadequate 


quality of air which 
through new 
technology can be 
much improved 


Company sponsored 

health improvement 

programmes and or 
treatment. 
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{-|Short term harm to 
health from 
exposure to toxic 
fumes leading to 


time away from 
work or limited 
capacity for life 


One Top Event (Toxic fumes from a/c pressurisation and 
conditioning systems in cockpit and cabin) 


6 Primary threats 


6 Potential consequences of varying significance. 


One Hazard 


“Fume contaminated air” - is able to enter the cabin 
and cockpit through the designed-in air management 
Systems. 


¢ This is of course a variable, dependent on the engines’ 
current condition, design limits and aircraft type. 


¢ Nonetheless, the fumes from superheated oils used in 
aircraft engines are demonstrably toxic if breathed in 
sufficient amounts. 


> a 


One Top Event 


Toxic fumes from the aircraft pressurisation and 
conditioning systems enters into the cockpit & cabin. 


The top event defines the first point of loss of control 


This also is a variable, that 1s dependent on the engines’ 
current condition, design limits and aircraft type 


It is not limited to engines having significant oil loss across 
the seals. 


> a 


6 Primary Threats 


T2-R OH&S 
T1-R Inadequate regulations not 
aviation regulatory applied or enforced 
oversight for air for air crew and 


T3-R Oils reaching 
the gas path used 
at high 
temperatures 


contamination Es where toxins are 


relation to air 


. . released 
contamination 





Each threat has differing controls defined in the Hazard 
Analysis, most of which are not currently in practical use 
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6 Primary Threats 


T5-D Limited loss of 
oll across engine 
labyrinth & carbon 
seals is common 
and a function of 
the design and Is 
exacerbated by seal 
wear and other 
factors 


T6-0 Engineering 
defect resolution 
does not 
adequately 
consider toxic fume 
release into the gas 
path used for 
pressurisation 


T4- D Unfiltered air 
drawntromthe | 
engine and APU 

systems for 


pressurisation and 
cabin conditioning 





Each threat has differing controls defined in the Hazard 
Analysis, most of which are not currently in practical use 
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6 Consequences 


1st consequence 6'" consequence 


- | Damage to 
Single extreme airline /operator 
event results in reputataion 

incapacitation or through inadequate 


death of one or quality of air which 
more crew or through new 
passengers technology can be 
much improved 





The consequences range from the single extreme event 
in decreasing order of severity to damage to reputation 


> a 


The Identified Risks 


The risks may vary in individual operations depending on the 
means of assessment employed, we used the CS-25 Amdt. 22, 
2018 wording and conclude these tobe: «om 


Hazardous: Failure Conditions, which would reduce the capability of 
the aeroplane or the ability of the crew to cope with adverse operating, 
conditions to the extent that there would be: 
) A large reduction in safety margins or functional capabilities; 
(11) Physical distress or excessive workload such that the flight crew 
cannot be relied upon to perform their tasks accurately or 
completely; or 
(11) Serious or fatal injury to a relatively small number of the 
occupants other than the flight crew. 
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A Generic Risk Assessment 


Potential Consequence of an Hazardous Fume 



















Increasing Probability 





















People Increasing Severity A D E 
Extremely Probable | Frequent 
ui Improbable <1x10-3 | > 1x10-3 
< 1x10-9 


Pilots - no effect 
No adverse Others - inconvenience 


effect 





Pilot — no physical discomfort and 
slight increase in workload. 
Others — physical discomfort 


Minor adverse 


effect 
(Slight Impairment) 


Pilots — Physical discomfort and 
increase on workload, impaired 
crew efficiency. 

Others — phvsical distress 


Major adverse 


effect 
(Impairment) 






Pilots — physical distress, impaired 
ability to perform tasks accurately 
or completely. 

Others — serious physical distress. 


Hazardous 
adverse effect 
(Significant impairment) 











Hazardous adverse | Pilots— Serious or fatal injury to one 


effect (Single fatality pilot or other crew members 
or serious injury) 


Multiple fatalities 
(Normally through hull loss) 


Catastrophic 
Effect 
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Conclusion 


These Risks Exists in your day to day operations. 


This operator-based approach demonstrates the possible 
threats and controls needed to manage the hazard and 
avoid the potential consequences. 


Accountable Managers need to be able to demonstrate 
adequate control of this hazardous event. 


Detailed copies of the generic Safety Case could be 
made available to aircraft operators. 


Are you adequately prepared? 
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FLIGHT CREW RELATED ISSUES 





AIRCRAFT CABIN AIR CONFERENCE 2019 
ABOUT HUMAN FACTORS 
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>» Aviation Assistance 1998-1999 







: S | 








Mh 


| 


aan ©1001 01>) 0-1 4000 940M 


: 


| 
lh 






! 
i 


> Jettime 2014-2016 
> About Human Factors 2016 - Now 
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ABOUT HUMAN FACTORS 


“Human Factors is the scientific discipline concerned with the 
understanding of interactions among humans and other elements 
of a system, and the profession that applies theory, principles, data 
~lalemaat=1uarelekcmueme(=s)(24aml ame) eels) arxeme) oldiaalicy-m alll aat-lam\\c=)icaels)ialcar-lare 


overall system pe rformance” (Human Factors & Ergonomics Society). 


Humans : += Machine 


*. Environment 
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Reykjavik Flight Symposium 2018 









SSILIENCE A VALUE 
LIN AVIATION? >= 


WHY DID | NOT KNOW OF 
THIS? 


a GI=J l=) =] dale) alle lcxom-] ole lUimee)ale-laaliar-iesvemers]e)iam-lias 
> Investigations reports methods? 

am Nel laliatcarlaremmere)icm e)ae)vile(=r0 he 

aan AVhal=1amcaliatcacm el=1ee)aalomaalom ale) anand 


> Political interests? 
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From the Flight Crew: 
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Hindsight Bias 


Before the After the 


—__——Acucen sy sane 
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SMOKE OR FUMES — AIR CONDITIONING 





Condition: A concentration of air conditioning system smoke 
or fumes is identified. 





OXYGEN MASKS AND SMOKE GOGGLES 


(If FeQUITEC).....c.c..ccecceeceeeeseeesesteeseeststeessseseseseseeees ON The ‘FUSELAGE FIRE OR SMOKE — SMOKE’ 


CREW COMMUNICATION (if. ired)......... ESTABLISH . : | | 7 ; 
— checklist in the operator’s FCOM had the following 
RECIRCULATION FAN SWITCHES (Both)............... OFF 


[Removes fans as possible source of smoke or fumes. Memory items: 
stops recirculation of smoke or fumes and increases 
fresh air flow.] 


Pg FE BSS Oe Le | nen oo 


Oxygen MASKS .......0cccccccceeeeeeeeeees On + 100% 


lf smoke or fumes continue: 


ee BL ronnne, | oS 
[Isolates left and right sides of bleed air system.] 
RIGHT PACK CONTROL SELECTOR............. OFF 


[Removes right side of air conditioning system as 
possible source of smoke or fumes.] 


SMOKE GOES veicccccccccccssseesececcecessaesseeesees On 
MIC SWUICH ioecc ccc ccccccc ccc eeeceeeceseeeeeeeeenees MASK 


lf smoke or fumes continue: 


RIGHT PACK CONTROL SELECTOR.......AUTO 


[Restores right side of air conditioning 
system.] 


LEFT PACK CONTROL SELECTOR............OFF 


[Removes left side of air conditioning system as 
possible source of smoke or fumes. ] 


RECIVC FANS ccc cccccccccceseseececeasenenccceesaneces OFF 
EMereency LIGNUS oo. .cccccccccceccccccecceseeeeeeeees ON 
PASSENGEY SIGNS .....cccccccccccsesececceceseeeneeeeees ON 
| DY XY 61/1; ee ASAP - Check MSA 


Do not accomplish the following checklists: 


PACK OFF 
RECIRCULATION FAN 


“ff © + +e +e +e + 
= 
5 
S 
tis 
Oo 
3 


Land immediately at nearest suitable aport 


If smoke or fumes are persistent: 


Declare an emergency and plan to land at the 
nearest suitable airport. 


Accomplish SMOKE or FUMES REMOVAL checklist 
on page /5/.11.10. 





Je oe 48 ee eee ey BR 


SMOKE/FUMES/AVNCS SMOKE 


LAND ASAP} 

IF PERCEPTIBLE SVOKE APPLY IDAMEDIATELY: 

* IF REQUIRED; | 

CREW OXY MASKS........... USE/100%/ EMERG | 

(BOEING PUA JOY Cal Hens en cnseernrancmnacunndecasesisoncesasesacenmnscies GF VED | 
BEI UP EIU B accossbnevsemietatennns ecscbameedecedaécuamiatoiaiae OCU I 

7 Bea eas one 

Gone =e AlOT. AOU. “Aiow) seeeeeees weasel 
RNID enteeiciesrdaneleethete eiehind i ease secsosasevee OFF | 























737 Fheht Crew Operations Manual 


Smoke, Fire or Fumes 





Condition: Smoke, fire or fumes occur. 





r | 
1 Diversion may be needed. A220, AIGT 0A AlQW) _ ore! 
2 Don oxygen masks and set regulators to 100%, as END | 
needed. SIGNS... sdiiieiaaainiaeisiaaiiatieamna 
3 Don smoke goggles, as needed. CKPT/ CAB COM... ne ys | a 
| Establish cre inc nication * IF SMOKE SOURCE IMMEDIATELY OBVIOUS, | 
4 Establish crew and cabin communications. | 
ACCESSIBLE, AND EXTINGUISHABLE: | 
5 BUS TRANSFER switch ................ OFF FAULTY EOP Ten cccce cree cveseserscsnees sneer LSOLATE | 
6 CAB/UTIL switch..............2.0008. OFF * IF SMOKE SOURCE NOT IMMEDIATELY 
7 IFE/PASS SEAT Switch. .......0 200 e wee . OFF DIVE RSION.....ccc eco cc eee cee ee eves ees IMITIATE | 
8 RECIRC FAN switches (both) ........... _« OFF DIBOCUNT sosciacctcsarccinsnicaice _.. INITIATE] 
| | a _ Doscom tc FL 100. of MEA MORA, or | 
9 APU BLEED air switch....... eee ee ewes OFF minimum obstacle clearance altitude 
10 Any — me the smoke or fumes become the greatest "®@ AT ANY TIME of the nrocedure: | | SMOKE) 


FUMES becomes the GREATEST THREAT: | 
> & Go to the Smoke or Fumes Removal REMOVAL OF SMOKE/FUMES....CONSIDER 

checklist on page 8.16 ELEC EMER CONFIG......... 1.000. CONSIDER 
Reter to the end of the procedure ‘o Set 
ELEC EMER CONFIG 







¥ Continued on next page F 
* ALANY TIME of the procedure, if situation 
becomes UNMANAGEABLE: 
IMMEDIATE LANDING........ ...-..~- CONSIDER 
AIR. COND SMOKE/CAB EQUIPMENT SMOKE 


So 





Use of Oxygen Masks 


The 663 reports (between 2006 and 2013) were analysed in regard to the flight crew 
donning their oxygen masks. The results are: in 154 cases the masks were donned 
and in 146 they were not. In 363 cases the reports did not include any information 
regarding oxygen masks. Break down in percent: 


No 


Not reported 


Analysis of the reports regarding the use of oxygen masks in the cockpit 
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NEST SYAN IG sO] a miClanl 
SAFETY? 


>» “In the past, oil leaks and 
of] o) fav Ailt-Agimerste.@elelel0lacm-lare 
fumes may have come to be 
regarded as a nuisance rather 
than a potential flight safety 
issue” 
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The Local Rationality malice e)i= 





we aay 


‘i 





“ People are doing reasonable things given their point of view 


plate muolelelme)mr-1an-sald(e)abmdalsiiam dave\wal-to(c{-me)maal-mciiaer-hd(e)abmaalsl ia 


objective and the objectives of the larger organisation that they 


work for. In the end, what they do makes sense to them at that 


01 aaLoean ALUM at-hY=m KO M- [S10] paloma ar-hem ave)elelehvmee)aal-\cmne mM (0)0 q@uemolom-—ey-l0 


(Sidney Dekker, Field Guide to Understanding Human Error). 
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Perception Is individual 





The ability to see, hear or become aware of something 
through our senses, and the way in which something is 
=)2¥-] a0 (10 pm) aler=)aciuelele me) am laln=ia e)a=1n 10 mcvar-| el-10m e)’a(=t-)aallalce 


anl=100le)aVAm=).4el-1er-hare)am-larem-hanclalaleap 
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CHALLENGES IN CURRENT 
THINKING 


ante ae) mle [0 (ers urelayanne-lialials 
>» Nuisance vs. flight safety 
am Kole) ism el aehvarer=te 


aa Datsmaleiaatclamcks) el=1e1! 
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Work-as-imagined WAV Ko) a ore kote fe) als 


mal ance) ilateyxe) 
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Co) aksyrel=alarcmaalomalelaat-lam-ks) el=re 


-_ 


“ If professionals consider one thing “unjust” it a. | meen 


is often this: split-second operational decisions i 
that get evaluated, turned over, examined, 

}[el <=xe r=] ey-]aear-]ale mr) ate \VAisxe mm ke) au aale)alaaicwem e)\, 
people who were not there when decisions was 
taken, and whose daily work does not even 
involve such decisions” 








Sidney Dekker, Just Culture. 
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> Think differently 
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>» Encourage inputs from practitioners 
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“Human Factors is the scientific discipline concerned with the 
understanding of interactions among humans and other elements 
of a system, and the profession that applies theory, principles, data 
~lalemaat=1uarelekcmueme(=s)(24aml ame) eels) arxeme) oldiaalicy-m alll aat-lam\\c=)icaels)ialcar-lare 


overall system pe rformance” (Human Factors & Ergonomics Society). 


Humans : += Machine 


*. Environment 
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THANK YOU FOR YOUR 
ATTENTION 








Suspected air quality problems on board 


Experiences & Actions 
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First serious incident reported in year 2012 
Boeing /5/ A/C - Registration: TF-ISL 


Cabin Crew not able to perform duties due to 
illness. Aircraft diverted to the nearest airport 
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Cabin crews more aware of CAQ after this incident 
Increase in CAQ reports 

New Safety Management System implemented 
Reporting system more accessible and effective 
Employees encouraged to report safety issues 


Flight crew informed about possible causes for discomfort 
on board 
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Common description in reported cabin crew illness 


Cabin crew illness/dizzy/shortness of breath 

CC illness - 2 cc exp headache, nausea, oxy 

CC illness — oxy 

Cabin crew ill/dizziness 

Crew illness/dizziness 

CC illness - 4 cc experienced dizziness 

CC illness - all cc exp dizzy, headache 

CC illness - 1 cc exp nausea, dizzy, oxy 

Poor air quality in cabin 

Cabin crew illness - oxy, dizzy, nausea, headache 
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Toxic aero Hypoxia Motion Sickness Hyper ventilation 

syndrome 

* Fatigue * Changes inskin «* Nausea. « Dizziness 

* Blurred vision colour, ranging « Pale skin. * Lightheaded 

* Loss of from blue to -+ Cold sweats. + Weakness 
consciousness cherry red. «+ Vomiting. * Confusion 

* Dizziness * Confusion « Dizziness. - Fast heart rate 

* Headaches difficulties in + Headache. + Shortness of 

* Vomiting or concentration « Increased breath. 
nausea * Coughing salivation. * Numbness or 

* Irritationto eyes, -«* Fast heart rate. + Fatigue. tingling in hands 
nose andthroat °* Rapid breathing. or feet 

* Confusion * Shortness of -* Anxiety 
difficulties in breath. + Fainting 
concentration * Sweating. * Sore chest 

* Wheezing. muscles. 
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Nr of AQR per year 2014-19 


total legs on all aircraft 
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Nr of reports per month 2018-19 
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AQR per aircraft 2016-19 
per 10.000 legs 


~2019 #2018 #2017 *2016 
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How many affected by suspected bad air quality 2019 
All CC or fewer 
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One incident where engine borescope indicated a 
defect seal on engine shaft to be the cause for oil 
smell in cabin. The engine in question was 
replaced 


Reported incidents where defect APU gearbox 
pressure regulating valve, was presumably the 
cause for oil smell in cabin 
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One incident due to leaking seal on engine shaft 





HF] IP 
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Diffuser LP | comp- | Comp-| bust-| u | ul] Tur- Nozzle 
ran |ressors |ressors or r |r |bines 
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‘High Pressure Shaft 
Intermediate Pressure Shaft 
Low Pressure Shaft 


Rolls-Royce RB211 Turbofan 
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331-200 Line Maintenance Training Manual 
GEARBOX REGULATING VALVE 
Identification and Location 


The gearbox regulating valve is a normally open, air pressure 
closed valve. 


« Low Oil Pressure auto shutdowns occur in-flight operations 
- Interrogation would display LOW OIL PRESSURE as 
reason not operating 
- Fault LRU would display SEE MNT MANUAL 


If the gearbox regulating valve fails mechanically closed: 


The gearbox regulating valve is mounted above the de-oil 
solenoid valve on the front of the gearbox. 





The gearbox regulating valve is an LRU. 


Purpose 
The eh Ci = 


If the gearbox regulating valve 


fails mechanically closed: 


Se ah ar i LI ii 





Ful 


Wichebase. 


When the gearbox pressure increases, pressure is applied to the 
poppet. When the force exceeds pre-load on spring, the poppet 
will modulate to relieve all pressure in excess of 4.5 psid above 
ambient. Air is vented through the discharge orifice of the sleeve 
and the discharge port of the valve. 


Maintenance Tip 
If the gearbox regulating valve fails mechanically open: 
e The APU operates normally during ground operations 


Lubrication System Components 


Page 4-24 


ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee | 


ICELANDAIR 





AFT PASS 
TONE 


Alp PASS 
TOME 


AUT MIG 
PASS ZONE 


Fwd PASS 
TOWE 


ALY Fb 
PASS ZONE 


FLT DECK 
Powe 


Na ee eee ee 





Difference between ACS on B/6/7 and B/5/ 
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ACS Boeing 767 
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Sensors 
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ACS Boeing 75/7 
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Guidelines in case of illness of crew 
members in flight 
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lliness of Crew Member/s (in-flight) 





Guidelines when a crew member feels unwell and/or ill during flight. | 





Immediatly inform SCCM and Commander of Crew Members condition. 
Important, regardless of severity of illness 




















Is the Crew Member . 
able to perform duties?7? 
cs I ss 
ie YES -NO 7 
Commence First Aid and contact MedAire 
Observe and monitor health status. In case of serious illness, 


use ALERT CALL. 
| | 


SMS360 Report — — 


; Is there any suspicion of 
shall t be re Boned, ae C Air Quality/Odour event? ») 


regardless of severity. — — 
YES 
¥ 


Treat the symptoms and contact MedAijire; 




















e Administer Oxygen from portable oxygen bottle, until symptoms have subsided. 
e« Contact MedAire and follow recommendations. 


e Continue oxygen treatment if neccesary. 





< 


The importance of reporting. 
For effective and efficient process of investigation and overall management, reporting is vital. 
Filling in the CTL, SMS360, Air Quality Report and AJTL is mandatory. 


+ > ——— . 





Cabin Technical Log Air Quality Report SMS360 AJTL 
Suspicion of Air Where? All Crew illness Enter ,Suspected Air 
Quality/Odour event In Forms-folder in shall be reported, quality event" in the 
shall be logged in CTL. Flight Deck (and regardless of severity defects column. 
Comply-Resources-Air 
It is important for Quality Report) Where? Who Reports ? 
consise technical https ://ice.sms360.net Commander 
inspection/analysis. Who reports? (mywork) 
All Crew Members 
Include; experiencing Who reports? 
- Cabin Temperature symptoms Commander, 
- Airflow of vents in SCCM and/or Crew 
galley/cabin Commander will place Member involved. 
- Smell or Odour the report in the AJTL 
- Other 


If report is submitted 
post-flight, attacha 
copy with SMS360 

report. 
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standardized Cabin Air Quality 
Reporting Form 


Based on IATA Guidance for airline health and safety staff on 
the medical response to Cabin Air Quality Events 
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ANNEX 1 
Standardized Cabin Air Quality Reporting Form 


Section 4: Flight and Reporter Details 

Note: For each question, check al thet apply. Wf one answer is dominant for a given question, write an * next to that Kem. 
AC number: ee |. type: eo CNC *_ Flight date ah | 
Tech bog # of mown: Departure sin.: Arrival str.: 

Reporter name: Employee mo.- 

Enna: Phom: 


Form & ete by: 
o Flight crew o Maintenance 
o (Cabin crew o Other 


PIC signature (operator discretion) 


Park ed | = re-Fight) 
Pushback 

Emgine start 
Taxeout 

Take-ott 

limb 


Cisse 
Descent 
Landing 
Taxi-in 


Parked (post-fight) 


9000 00 


Estimated duration of incident: 
{hrs.} (min. 


Engine power level changes: 
o Yes o Wo 


Known history of similar conditions on same aircratt? 
o Yes 


Recent aircratt service hist 


o 

o De-icing or anit-icing 

o EngineAPU oi sericed 
o 


Section 7: Smoke or Fire Information 
Note: For each question, check ai that apply. ff one answer ts dominant for a given question, write an " next fo that Mem. 
Evidence of smoke or fre? 

o Smoke oc Fire co (Neither smoke nor fre 


Type of smoke or fire? 
o 06 6oLeralized smoke c alized oc Open fame 


Location of smchke or fire: 
Cabin; ff cabin spectiy: 


ee i ——— semhimemdne 
Z MWeESTE anor WT one answers dominant fora gwen question, wile an * next to thar fem. 


Exhaust o (Oy 'burning ail 
Chemical Blectnical o ‘omit 
De-icing Fuel oc Other 

i Musty or maouldy 
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FBOEO Revi O2Junel6 


Intensity of fumes 





o Mild 

o Moderate 

oe Fonwvard cabin 

o Mid cabm 

o Aft cabin 

o Air supply system vents 
o (Cabin item 


o Flight deck equipment 








o De4cing or ant-icing undenvay 
eo Fueling underway 
o Proximity te ground service vehicle exhaust 


Section 4: Other Observations — All Events 





Note: For each question, check aif that apply. 
Blocked drain 

Cabin item: 

In-fight entertamment system malfuncton 
Galley equipment malfunction 

A outlets in galleys closed 

Ar outlets in galleys open 





a 


ooo O 


a 
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Strong 
Nauseating 


Galley equipment 
Unknown 


i known, identity: 


Prowimity to other aircraft (exhaust) 
Other: 


Leak or spill 

Lights fickenng or malfunction 
Dry-ice being used in galleys 
Irregular equigment noise 
Other: 


Other: 





Note: For each question, check ai! that apply. 

Symptoms reported? 

o Yes: * yes, complete fable below 
Mo 





Flight crew 

Cabin crew 
Maintenance 
Passengers): Seat = 


Lm 


Unknown 
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Symptoms/reported by Flight crew Cabin crew Maintenance Passenger(s) 
Abnormal taste 

Dizziness 

Fatigue or weakness. 
Headache 

Inmtated eyes, nose, throat 
Slowed thinking 

Tingling 

Trouble breathing 
Nausea 

Other 


Comments: 


Emergenc' uipment used? 
o Yes: Ff yes, complete fable below 





No 


a 


Equipmenttused by Flight crew Cabin crew Maintenance Passen 5| 
Ooygen mask 

Smoke goggles 

Portable breathing equip. 
Portable caygen bottle 
Fire extinguesher 

Drepm down masks 











o WAone o Passenger(s): Seat= 
o Flight crew o (Maintenance 
o Cabin crew 
T of medical assistance (it. 
o Onboard only oc ([Emengency room or clinic 
o Medical advisory senice o Other 


o Emergency medical services met amcraft 
Additional details: 


Section 6: Maintenance Follow-Up and Infonmation — All Events 
Note: For each question, check ai! that apply. 






Maintenance fault or source identified? 
r=] Yes o No 


Impact on operation 


o Aone o (Flight cancelled 
o Diversion o Gate delay 

o Retum to base o Other 

o ©. Aircraft change 


Maintenance acton(s), if known: 


lf needed, provide additional comments 
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Cabin Air Quality 
Phase 1 inspection 
Task No: ENG-SYS-2100-001 
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CAQ flow chart - Line Maintenance procedure 


In-flight CAdm 
Reported by crew 
Line Maintenance 
=e re LE 






as 
Mo further action | 







Is there an &wJITL entry 
Stating anything about 


. needed 
pam cabin Sir quality 


Yas 


Cid crew cornplete 


CA) pepo? AMS iS serviceable 





EH 


Perfanm (Ac) phase | 
IPS PECTIN 48 Per Lasik 
ENG 73 ¥=-2000-001 





a | 














Release ANC after CA | 
Phase | inepecton and 
deter CAC) phase il 
inkgpechon for 10: 

cabhaerncdianr ch 


Feview CAG report and 
Question operating crew if 
[hey noticed any toxic 
smell* odor, or saw ary 








= | St ee 







Perform CAC phase ll 
IPS Pech 26 Per task 


ifino further CA0 praport on AC im 
10 consegcqullve calendar days. 
initial raport is considered as. 

iIsclated ome tirnmne® Got cu9rTrence and 

Cad pnase Il Inapection can bee 

Am Caled 


EnMG-SyS- hoa 
betore mest Tlic 





Coot rae 


Cenk vie 
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Accomplishment Instructions 


[Subtask [Description OOOOCOOCOOCOCOCOCSC“‘“(‘(NSNNNC“*ASESBY 


Part 1 - Preparation 





Go over the attached flow chart at the bottom of this task to determine if either 
Phase 1, Phase 2, both or neither inspections are required. 


Mi TE: If meither task is applicable. N/A the rest of this task and close in 


Maimteni=. 


Prepare and make sure a man-lift is available for APU access 


In Maintenix, determine how moouch is left of interval for HEPA filter replacement 
task 21-004-00-x, record FH left below: 


FH left: rrrt—“(iswsts—s—(siC«ésCrH 


HNOTE: Contact Maintenance Control if unsure how to perform this action. 


Part 2 — HEPA filter 


If the HEPA filters are replaced, make sure they are sealed in a bag and routed to U/S part 
shelf om KEF Line. 
Notify Maintenance Control of the location of the HEPA filter so they can be sent for lab 
analysis. 
NOTE: HEPA filters do deliver 10090 airflow ewen though they are 99°. clogged! 


If HEPA filters are found in US condition or hawe less than 600 FH remaining, 
replace the filter i.acow AMM 21-25-02. 


Contact Maintenance Control to reset the time of task 21-004-00- in Maintenix. 
NMC TE: If the HEPA require replacement. M/A all other steps in Part 2. 


Inspect HEPA filters by removing the AFT bulkhead heating system access panel 
Law. AMM 25-30-03-00+4-001. 


Use a flashlight for a look at the HEPA filters te detenmine the condition of the 
filters. 


If the HEPA filters are found dirty, replace iacw AMM 21-25-02. 


Contact Maintenance Control to reset the time of task 21-004-00- in Maintenix. 
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Part 3 — Cabin inspection 


Replace all cabin and flight compartment zone temperature sensor filters and 
make sure that the fans are operational i.a.w AMM 21-61-09-209-001. 


Tmheck cabin, lavatories and galleys for any unusual oder, for example: 
* Food in galley 
Urine Smell im lavatories and surrounding area 
Electrical Smell tn Cabin’ Galley 
If oil, Wydreawulic ofr de-icing odor, furmes found in fight compartbment, 
cabin or galhey tinwestiqgate source 


Wisually inepect Fv and APT galley ventilation filters for cleanliness, replace if 
found dirty. 


Check for adequate airflow by using 2 piece of 44 paper to cover the ventilation 
qriille, see if airflow is adequate to hold the paper in place. 


Open one passenger PSU (1/3) in each PSU and galley (dose after measurement) 
and check for adequate airflow out of gaspers with vwebkocity meter. 


NOTE: Mornmeal airflow over passenger approximately 3-3 m/s 
MOTE: Moral airflow in galley approximately 104 m/s (at least) 


In the Fight comparbment, check EDCAS STATUS and MAINT page for any ATA 21 
(Af Comdirtoning) or ATA 26 (Preumeatics) related messages. 


Wiew EICAS CS page and confiinm proper operation of the following wale and 
temperature vwaluces raice/lower with operation of the temperature knob on the PS 
owerhesad pommel. 
_ This task is similar to AMM 21-51-00-705-184 — Pack/Z2one System 
Health Check 


MOTE: (Cm some aircraft zone walve indication will blank in flull open position. 
MOTE: Walvwe indication can be seen as “percentage of open”. The walues as 
Fal bowers + 

* o,0 => Fully Closed 

* 1,0 for blank) — Fully Open 
HNOTE: Temperature indications can be seen as follows: 

. Full oold, iheat decreases towards appr. 17 degrees 

. Full het, heat imoreases towards appr. 20 degrees 


heck the following walwes om the EDCAS ECS page: 
* FLT CE pneumatic trim wale 
Pv preeewmatic trim walveo= 
AT pneumatic trim walwe 
Master TRIM WALYWE — check for moral open/ chose travel 


Cperate the air comdition packs, walk the cabin aishe (FWD to AFT) amd check for 
any uonmusoual moise from sections of the overhead duct caused by 
ru pburedomcoonme bed tube=/lines.. 


NOTE: Mormally. in these circumstances a low hissing sound might be audible. 
MOTE: Make sure HEPA filter inspection t= complete before you do this. 
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Part 4 -Exterior/EXE inspection 


Check RAM air intake door for any obstructions and proper operation as per AMM 
21-33-00-735-014 -— System Test - Ram Air System 
NOTE: If not applicable, it is sufficient to remain in GND MODE, 


Perform an operational test of the Recirculation System/ Fans i.a.w AMM 21-25- 
000-003-040. 


Perform BITE test on Cabin Temperature Controllers j.a.w AMM 21-51-00-745- 
159, 


Perform BITE test on Cabin Pressure Controller ia.w AMM 21-31-00-705-085., 


Perform BITE test on the Yaw Damper Module i.a.w installation test of AMM 22- 
21-04-424-033, 


Open engine cowlings and check Engines and APU for any obvious oil and/or 
hydraulic leaks. 


Open the air-condition bay and check for any air or fluid leak above or around air- 
condition packs and intake. 
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CORRECTIVE ACTION IN AIR 
QUALITY ISSUES IN GENERAL 


ACTIONS TAKEN 


regarding 
Cabin Air Quality 
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1. ENGINES 
Swapping engines and parts; 
Oil replacement 
(TCP free oil on all B757 and B737 since 2005) 


2. ACS 


Air filter exchange; 
Air condition ducts inspection and system cleaning 
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3. AIR QUALITY TESTING 
On ground (Aerotracer) on passenger flights and special flights 


Measurements include: 


atmospheric pressure and oxygen ratio 
temperature and humidity 

noise volume 

airspeed and distribution 

microbial and mold testing 

odor test (Aerotracer) 

Other test for: CO (Carbon Monoxide), CO2 (Carbon 
Dioxide), SO2 (Sulfur Dioxide), O3 (Ozone), VOC. 
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4. |Icelandair’s Medical Officer review: 
¢ Medical examinations 
¢ Blood tests from crew members immediately after suspect 
flights. 
¢ No findings - All “norma 


| ““ 


results. 
5. Investigation from the Icelandic Accident Investigation 


Committee (RNSA)} 


¢ No findings — All “normal” results. 
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On Going Actions - FACTS 
Icelandair is participating in the European research project’ FACTS’. 


The project is to determine the potential contamination of cockpit and cabin 
by engine oil. 


Several test flights have already been flown. 
Validate the Bleed Air Contamination Simulator (BACS). 


Furthermore, these test flights are intended to provoke fume events during 
the flights to be able to capture samples for analysis into the contaminants in 
the air. 


Nae ee ee eee ee ee | 
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Recommendation 


. Get clear information about what chemical compound shall be 
looked for (FACTS) 


. Measure equipment on board every aircraft, that can collect 
Samples of these compounds 


. Get clear information on where the hazardous to health limits 
are for these compounds 


. Total clean air system is promising, and should be tested further. 
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Why the brain is a vulnerable 
‘target organ’ to chronic low- 
dose OP exposure 


Prof Vyvyan Howard FRCPath 
Centre for Molecular Biosciences 
University of Ulster 
v.howard:ulster.ac.uk 


Aircraft Cabin Air Conference 2019 


Critical research questions 


¢ Why are pilots and cabin crew more vulnerable to the effects of ‘fume 
events than the passengers, particularly for neurological sequelae? 
One would expect the opposite — healthy worker effect 


¢ What is the effect of continual exposure to a low-dose complex 
mixture of fugitive turbine engine emissions for individual cumulative 
exposure times measured in thousands of hours? 


¢ What is the effect continual exposure to an aerosol of combustion 
nano-particles on the kinetics of TAPS and other pyrolysis chemicals 
across the blood brain barrier? 


Medical attention sought or hospitalisation after fume event 





Fumes 88% 


= Aircrew 
Fumes & haze 12% Aircraft type 


Oil/hydraulic leaks identified 47% = Passengers 


The basic anatomy and physiology of nerve 
cells 
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Structure of a Neuron 


cell body 
nucleus _— 
dendrite myelin sheath 





Synapses 





Neurotransmitter | | 
a Neurotransmitter 
i vf) ON transporter | 
Synaptic as he ‘, nw Axon 
vesicle ay terminal 
Voltage- |, oe 
gated Ca‘* Sp 
channel 7 Synaptic 
~Rece bor le 
Postsynaptic , in F- _ ¢ ‘- _ mecep cleft 








density | Dendrite 


Axonal transport 


(a) 
Rough endoplasmic reticulum 
Golgi apparatus Fast anterograde transport 









Exocytosis 
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Retrograde transport 








Mitochondrion Retrieval 
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High dose OP exposure scenarios 


¢ OPIDN 
e Nerve gas effects 


OrganoPhosphatelinducedDelayedNeuropathy 
iS a HIGH DOSE condition 


ESTERASE INHIBITION BY OPs 


“Active” 
target protein OH 


| + ORGANOPHOSPHATE 


O 
| 
——Q—P—R 
= R 


If target is NTE and “aging” occurs, OPIDN 1s induced, 





“Inactive” 
target protein 





which involves increased negative charge at the active site 


TOCP can cause OPIDN at acute high doses 


TOCP 


NTE inhibition 


PC and LPC (7) 


SM(fT) DAG()) PAC) 


PECL) PG) Pid) 








Interference of ER phospholipid homeostasis 





OPIDN initiation 








ACh accumulates and causes over-stimulation of nerves, muscles and glands. 


What does acetyl choline do? 








» Acetyicholine is a transmitter in two 
kinds of synapses, meaning nerve 
agents function in two ways. 
s Muscarinic receptors: 
s smooth muscle 
a Glands 

a Nicotinic receptors: 
a Skeletal Muscles 
« Ganglion 








However not all adverse effects of OPs are high dose 


ue e. ACHE =__, {} ach 


—> 
a J at accumulation 
OP Poisoning 


mACh Receptor NMDA receptor 
Overactivation overactivation 


Choli ic Crisi sl 
olinergic Crisis rt) =}? overload 
| ba 


@@e@ <—> Mitochondrial 


Memory impairment, Persistent me mory ROS Epa eneiion 
learning disability, <—— and cognitive | 
forgetfulness defects . 
: 2) Apoptosis 
Mental and emotion Neuropsychiatric 
symptoms, anxiety, “"—"— dieardats 


somatic complaints 


Post-traumatic Potential secondary 
stressdisorder, “——~ damage effects 
brain cancer 
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journal homepage: www.elsevier.com/locate/pharmthera 





Associate Editor: C.N. Pope 

Functional consequences of repeated organophosphate exposure: Potential 
non-cholinergic mechanisms 

AV. Terry Jr. * 


Department of Pharmacology and Toxtoology, Georgia Health Sciences University, Augusta, GA 30912, United States 
Animal Behavior Center, Georgia Health Sciences University, Augusta, GA 30912, United States 


Functional consequences of repeated organophosphate exposure: 
Potential non-cholinergic mechanisms. 

AN. Terry 

Pharmacology & Therapeutics 134 (2012) 355-365 


The purpose of this review is to discuss several non- 
cholinesterase targets of OPs that might affect such 
fundamental processes and includes cytoskeletal and 
motor proteins involved in axonal transport, 
neurotrophins and their receptors, and mitochondria 
(especially their morphology and movement in axons). 


117 References cited (41 in vivo, 12 in vitro, 15 in silico) 


Terry, 2012 


sate there is now substantial evidence that this canonical (cholinesterase- 
based) mechanism cannot alone account for the wide variety of adverse 
consequences of OP exposure that have been described, especially those 
associated with repeated exposures to levels that produce no overt signs of 
acute toxicity. These include covalent binding of OPs to tyrosine and lysine 
residues, which suggests that numerous proteins can be modified by OPs. In 
addition, the mechanisms of oxidative stress and neuroinflammation and the 
known OP targets of motor proteins, neuronal cytoskeleton, axonal transport, 
neurotrophins and mitochondria. This type of exposure has been associated 
with prolonged impairments in attention, memory, and other domains of 
cognition, as well as chronic illnesses where these symptoms are manifested 
(e.g., Gulf War Illness, Alzheimer's disease).. precisely the spectrum of 
symptoms reported for air crew by Michaelis, Burdon & Howard (2017) 


Low dose effects of OPs detailed by Terry 


structural roles in the cytoskeleton, support intracellular transport, mitosis, etc. ) 


Table 1 
Non-cholinesterase targets of OPs (at physiologically relevant concentrations). 
Target Descri ption/functions Reference(s) 
Papain Cysteine protease found in lysozomes Chaiken & Smith, 1969 
Carboxylesterase Senne hydrolase/enzyme that hydrolyzes carboxyl esters Su et al, 1971: Chandaet al, 1997 
Adenylyl cyclase Enzyme that catalyzes the conversion of ATP to cyclic AMP/important in the G protein signaling Huff et al., 1994; 
casqide Song et al, 1997: Auman et al, 2000 
Neuropathy Phospholipase enzyme important in phospholipid metabolism, neunte outgrowth and process Lush et al, 1996 
target esterase elongation during neuronal differentiation 
Acylpeptide Serine protease enzyme that catalyzes the removal of N-acylated amino acids from acetylated Richards et al., 2000 
hydrolase peptides role in the coordinated protein-degradation 
Ms Muscannic Second messenger coupled acetylcholine autoreceptor Bomser & Casida, 2001° 
Fatty acid amide Serine hydrolase enzyme that catabolizes a class of bioactive lipids called the fatty acid amides Quistad et al, 2001 
hydrolase Including endocannabinoids (@.2. anandamide) 
Cannabinoid CB1 G protein-coupled receptors for endocannabinoids,/‘functions not fully understood, but may Quistad et al, 2002 
receptors play roles In neurotransmitter release, synaptic plasticity, pleasure, appetite, memory/concen- 
tration, perception of time, pain tolerance, etc. 
Albumin Most abundant transport protein in plasma, also regulates the colloidal osmotic pressure of blood Peeples et al, 2005 
Transferrin Glycoprotein that binds and transports iron in the plasma Grigoryan, Li, Anderson, et al, 2009: Gngoryan, Li, Xue, 
et al, 2009: Gnigoryan, Schopfer, Peeples, et al, 2009 
Kine sin Motor protein involved in anterograde axonal transport in neurons a5 well as other cellular Grigoryan, Li, Anderson, et al, 2009: Gngoryan, Li, Xue, 
functions such a5 mitosis, meiosis, etc. et al, 2009: Crigoryan, Schopfer, Peeples, et al, 2009 
ATP synthase Mitochondrial enzyme responsible for synthesizing ATP from ADP and inorganic phosphate Grigoryan, Li, Anderson, et al, 2009: Gngoryan, Li, Xue, 
et al, 2009: Gngoryan, Schopter, Peeples, et al. 2009 
Tubulin Globular proteins that form microtubules (Le. polymers of dimerized tubulin which serve fiang et al., 2010 


> OP-phosphorylation of M2 receptors reported by Bomser and Casida (2001) (using chlorpyrifos oxon) was not observed in experiments where paraoxon or a biotin labeled 
fluorophosphonate was evaluated (Proskocil et al., 2010). 


Gao J, Naughton SX, Beck WD, Hernandez CM, Wu G, Wei Z, et 
al. NeuroToxicology Chlorpyrifos and chlorpyrifos oxon impair 
the transport of membrane bound organelles in rat cortical 
axons. Neurotoxicology. 2017;62:111-23. 


¢ detected anterograde axonal transport deficits 
associated with the oxon metabolite of chlorpyrifos at 
0.1 nM in vitro, in cultured embryonic rat neurons, a 
very low concentration. 


Why are UFPs in cabin air of critical 
importance? 


1) CV Howard: nanotoxicology review : University of Ulster 


¢ UFPs can cross the BBB and chemicals adherent to their surface ‘piggyback’ into the 
brain. Pharmaceuticals are already being delivered thus. Their continual presence in 
cabin air will enhance the penetration of neurotoxic substances into the brain. 


¢ Acommon feature of all UFPs, irrespective of their composition, is to induce 
inflammation, predominantly by ROS production. 


*  Elsaesser A, Howard CV (2012), Toxicology of nanoparticles , Adv. Drug Deliv. Rev. 64: 129-137 

2) Byron Jones- Kansas State University 

¢ Oil contamination of bleed air- Fine oil fog: 10-150 nm or below. 
° particulates as a marker of oil contamination in bleed air 

¢ Sensors to be developed for UFPs 10nm & below 


Jones B, Roth J, Hosni M et al. The Nature of Particulates in Aircraft Bleed Air Resulting from Oil Contamination. LV-17-C046. In: 2017 ASHRAE Winter Conference —Papers. Kansas State University, 2017. 


Conclusions 


¢ The basic physiology and anatomy of neurons in the CNS makes the 
brain particularly vulnerable as a target to damage by OPs at repeated 
low dose 


¢ The basic mechanisms — particularly impaired axonal transport - to 
explain this vulnerability have been published and reviewed in the 
scientific literature 


¢ The stance of some stakeholders to only address high dose exposure 
pathologies, such as OPIDN, ignores that literature and is scientifically 
unsustainable 


¢ The presence of an aerosol of UFPs in cabin air will have the effect of 
increased penetration of the blood brain barrier by UFPs which will be 
accompanied by any OP molecules adherent to their surfaces 
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Simplified Cabin Air system 
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Hopefully, detect at much lower levels. . 
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~ ACER: 60-gr/h-oil for ~1.5 kg/s air flow 11 ppm by mass 
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May need to detect at levels at least an order of magnitude 
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Specific Semi-Volatile Compounds (SVOC) 
Tricresyl Phosphate Shwe 
Others? 








Ohtreilstemaeelatel a 





Other? List is not necessarily comprehensive 
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Given background levels around 400 ppm, COQ, is not 
sufficiently sensitive to be useful. 
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Problematic for lower levels of contamination. = 
Background levels in urban environments limits usefulness on | 
me]ce)e laren — . 


= Wes lits le) (om eluimalsisyem em els demonstrated VF] 0) (>mnce) am alis 
2) 0) e)iferslile)ap 


Conclusion: Maybe 





3 — : ro a 
a An e)e) eee a 








ig application. 


Formaldehyde _ 


~~ Low background levels. Should be effective for acute 
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Possibly useful for low-level contamination. 
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~~ Low background levels. Should be effective for acute 
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Possibly useful for low-level contamination. 


sensors not as readily available as for formaldehyde. 
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Other VOCs present but at lower concentrations. 





Nothing to indicate they would be better than __ 
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No real-time sensors readily available with the necessary 
detection levels. — 
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Ns ~1x10% particles/cm? 
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ACER (Significant Ingestion of Engine Exhaust) 

Ambient, Engine Off = ~2x10* particles/cm? 
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“ ~ 17 ppm by mass oil 
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~ Highly sensitive measurement. Certainly able to detect =» 
mur- (ou )t>merolalrsiaerarclileameo\.> ale 


>) alo]0| (elm el-mr-]0)(-mcomels1¢-1e1mere)alr-lenllarcitcelam moi tstom el-1(6) 1am ime) 6) a0 
(0) Me) | Ob’ taro kssoM | sss101 | omciers | (om (OM (@)1'(-1am exe) alt-lanliarclielameclictse - 


Available sensors are expensive and not well suited for 
aircraft applications. 
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~ No technological breakthroughs required. 





~~ Detection doés not have to be perfect to be useful. If we insist 
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You have to take the first step or you never get anywhere. 
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VIPR Data 


60 


Mid-point Diameter (nm) 


— — Base case- (1200 grams per hr) 
injection 

—k— ambient 1 

—@— ambient 2 


——— ambient 3 


—i— ambient 4 
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DEOXxO'™ OZONE AND OZONE/VOC 
CONVERTERS: ESSENTIAL FOR CABIN CLEAN AIR 


VICTOR LEUNG 
AIRCRAFT CABIN AIR CONFERENCE 
LONDON, UK 
SEPTEMBER 2019 


CLEAN AIR SOLUTIONS FOR AVIATION 


Introduction to BASF 
=m Deoxo™ ozone and ozone/VOC converters 
m@ Converter life-cycle 


=m Converter maintenance 
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BASF OVERVIEW 


m We create chemistry for a sustainable future. 


- We source responsibly 

- We produce safely for people and the environment 
- We produce efficiently 

- We drive sustainable solutions 

- We value people and treat them with respect 


m We are one of the world’s leading companies in reporting on climate protection and 
sustainable water management 


M Sales (2018): €62./7B 
m Employees (2018): 122,404 


m 6 Verbund sites and 355 other production sites 
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SUSTAINABLE 
DEVELOPMENT 


GALS 





FTSE4Good 





CLIMATE 
CHANGE 


MSCI ©: 








ISS ESG> 


ethix+climate-oekom 


O- BASF 





We create chemistry 


BASF BUSINESS SEGMENTS 


BASF Catalysts Division 






Surface 
Technolo 
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Industrial | Nutrition 
Solutions & Care 


Dispersions & Pigments, 
Performance Chemicals 


Care Chemicals, 
Nutrition & Health 


picitatization and artificial intelligan. 
\ : S ICe 








Materials Agricultural 
Performance Materials, . 7 
Tae solutions 


Agricultural Solutions 





Formulation ,,, Si 
mor, SS 


sey 


Chemicals 


Petrochemicals, 
Intermediates ) 
Other 
Oil & Gas, 
Construction Chemicals 


Verbund 


Catalysis is one of the core technologies 


that binds together the business segments within BASF O- BASF 
y 





BASF CATALYSTS DIVISION 
STRATEGIC BUSINESS UNITS 
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Emissions-control Chemical catalysts FCC catalysts Current and next-gen 
catalysts for cars, plus adsorbents and additives battery materials 


trucks, motorcycles 


for oil refining development 






Precious & Base Metal Services (Oi [=t law AN mete) (elie) ats 


‘Full-loop’ metals distribution, Clean Air Solutions is committed 
financial services, recycling to providing innovative solutions 
to the most complex emissions 








control problems for stationary, 
aerospace and indoor air. 
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CLEAN AIR SOLUTIONS 
SERVED INDUSTRIES 


catalysis to solve 
sophisticated customer 
emissions challenges 
across a broad variety of 
industries & segments 


Power Generation Tatelersyiarsy 
/ Utilities WiFeTalelr=Keuulalare 


Matching chemistry & 
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Thermoplastic & 
Thermoset 
Polymers 


Binder Materials 
ma arelco)ayiitsice)acms. 
Photopolymers 
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3DP Design and 
erzle)alersiirela 
Services 


Ozone & VOC 
Catalysts 


MRO Services 
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Thermoplastic 
Polyurethanes 


High Temp 
Thermoplastics 


Thermoplastic 
Prepregs & 
Panels 


Foam Core 
Materials 
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Composites 


BASF PROVIDES AEROSPACE MATERIALS... 


Cleaners 
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Paint Strippers 


Pretreatment 


Sealants 
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...AND TECHNOLOGY FOR CABIN AIR QUALITY O- BASF 
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CONVERTER INSTALLED IN AIR CONDITIONING SYSTEM (ATA 21) 


A320 Ozone Converter 


An A320 can be 
retrofitted with an 
ozone converter if it 
is not factory 

Cabin pressure in stalled 


control valve 
Passenger compartment 


air distribution Q There is no 
Ozone catalytic converter (2 locations) ; 
disruption of 


existing ductwork 
Recirculation system (2 locations) and minimal 


Air-conditioning packs (2 locations) 


installation time 





Engine Inlet = Ozone Converter = Air Conditioning Pack =Mix Manifold = Cabin 
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Mandatory ozone 
equipment on wide- 
body aircraft 
Optional on single- 
aisle aircraft 


Standard equipment 
on latest regional jets 





EJET E2 


Enhances premium 
flight experience on 
business jets 





If you've flown over an ocean within the last 30 years... 


Used on certain 
military aircraft to 
improve pilot 
performance 


..then you've likely breathed air 
that has passed though a BASF ozone converter 





A400M 
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Atmospheric ozone concentration 
varies by altitude and latitude 
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CABIN AIR 
TIMELINE 


Ozone in the Atmosphere 
(km) 
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—_+ 
33,000 ft <= 10 - Ozone Tropospheric 
increases eS ATE 
fram pollution 
57, y — 
. . cD = : 
OPEC oil embargo of 1973-74: higher fuel ~ — 
economies demanded of airplanes require them O Ozone concentration —————- 
to fly at higher altitudes (> 27,000 ft ~8.2 km) ©2004, ACIA 
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Cabin Ozone: A Potentially Serious ‘Poison’ At High 
Altitude 


Patrick R. Veillette | Business & Commercial Aviation Mar 25, 2019 







CABIN AIR 
TIMELINE 


This article appears in the April 2019 issue of Business & Commercial Aviation with the title “Cabin Ozone.” 








Late 1970s — high ozone levels at these 
altitudes lead to observations of adverse 
health effects for crew and passengers 


Prolonged exposure to 
high ozone concentrations 
has negative health impacts 


Y Breathing discomfort 
o Headaches 
o Eye, nose, and throat 
irritation 


Y Reduced lung function 
o Chest pains 


¥v Adult onset asthma 
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CABIN AIR 
TIMELINE 


FAR 25.832 mandates maximum allowable 
cabin ozone level of 0.25 ppmv (SLE) at 
any time and a maximum time weighted 
average ozone concentration of 0.10 ppmv 
(SLE) during any 4 hour interval 
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AC: 120-38 
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Note: SLE = Sea Level Equivalent 


Methods of compliance: 


Y Modification of aircraft — install 
ozone converter technology 


Y Limit flight times (< 4 hours) 
and/or flight altitudes (< 18,000 ft) 


Y Statistical analysis that shows 
aircraft effectively meets the 
requirements by route selection 
and flight path 


Y Statistical analysis based on in- 
flignt cabin air measurements for 
typical flight routes 





BASF HAS RESPONDED TO THE AEROSPACE 
MARKET FOR OVER 35 YEARS 


CABIN AIR 
TIMELINE 





2010s — BASF Clean Air Solutions technology 
development: formaldehyde catalyst, low 
temperature ozone catalyst, CO, sorbent 


2004 — BASF (Engelhard) introduces 
ozone/VOC catalyst technology for 
aircraft cabin comfort 


2000s — Industry development of Fuel Tank 
Inerting Systems (FTIS) relies on air 
separation membrane technology, which is 
protected by dedicated ozone converter. 


1983 — First commercial application of ozone 
converter technology, pioneered by BASF 
(Engelhard) and field tested on Boeing 747 





Ozone converters 
remove 

ozone from 
aircraft cabin air 


Catalyst 
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Ozone decomposes to 
oxygen across catalyst 


Catalyst is neither 
consumed nor altered by 
the chemical reaction 
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WHAT IS A CATALYST? 
ACTIVE COMPONENT + WASHCOAT + SUBSTRATE 


Active component (e.g. precious or base metal) 
dispersed through a high surface area washcoat applied 


to a substrate, such as a ceramic honeycomb block or a 
corrugated metal foil. 


Active site (component) for catalysis 








Carrier (washcoat) provides Substrate 
high surface area 
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WASHCOAT 


1.0 inch 
[25.4 mm] 


————* 
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Catalyst Cell 
~0.05 inch 
[~1.3 mm] 







400 cells per in 





VISIBLE INLET 
CATALYST FACE 
[~5,000 cells visible] 
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OZONE CONVERTER” 
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WHAT IS A CONVERTER? 


ressurized 


A Flying: Fre actor 


Chemica 





Clean Air Solution for 
Aircraft Cabins 





Converters are subject to aircraft industry and customer design qualification requirements: 


Y Electrical bonding resistance Y Endurance & fatigue Y Operational acceleration 
¥Y Weight v Interface loads Y Operational shocks 

v External leakage Y_ Reliability Y Operational vibration 
Y Proof pressure Y High temperature Y Crash safety sustained 
Y Burst pressure v Low temperature Y Crash safety shocks 

Y Ozone conversion, new Y Temperature variation ¥Y Windmilling 

¥Y Ozone conversion, end of life Vv Altitude Y Explosion proofness 

Y Total pressure loss ¥Y Humidity v Water proofness 

Y Sand and dust Y Fire & flammability Y Fluid susceptibility 

vY Fungus resistance Vv Icing 

v 


Salt fog 
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POTENTIAL SOURCES OF CABIN ODOR 


m VOCs [Volatile Organic 
Compounds] enter the bleed 
air stream due to 


> Ingestion of other aircraft 
and/or airport vehicles 
engine fume exhaust while 
on ground or taxiing 

> Ingestion of de-icing fluids 

> Hydraulic fluid leaks 


> Engine oil leaks during 

operation (fume event) 

> reece al le ducts Odor is the most significant memorable 
P environmental variable on an aircraft 





Comfort pyramid per Bubb, H. 
Komfort and Diskomfort. Ergonomie Aktuell Ausgabe 4. 2003 
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TO MITIGATE CABIN ODOR, 
BASF DEVELOPED THE OZONE/VOC CONVERTER 


SAME PHYSICAL ITEM... 


An ozone converter can 
be “upgraded” to an 
ozone/VOC converter 
with no disruption to 
existing ductwork, no 
disruption to ozone 
conversion rates, and no 
disruption to existing 
maintenance service 
cycles 





OZONE CONVERTER OZONE/VOC CONVERTER 
20, —- 30, 20, =—? 30, 
VOC + O, —+CO,+H,O 


...BUT WITH ADDITIONAL CHEMISTRY* 


* - Currently available on Airbus platforms only Ol - BASF 
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Safety inttaitves in Customer Services 
An owerview of Airbus safety initisives 
Michel Trémaud 


= “|| qa BASF and Airbus worked 

The European vtin Sat agency together to demonstrate by test 

cea the efficacy of the ozone/VOC 
converter to mitigate odor in the 


aircraft cabin 
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EXPERIMENTS WITH JP1 JET FUEL — SUMMARY OF RESULTS 


Odor Intensity Eemeene 
0 to& odor tone 
lianas (-4 to +4) 
Upstream 2.6 -0.8 
Downstream 2.3 -0.8 
Downstream 
w/ VOC catalyst Le aa 






40% 


improvement 





Hedonic odor tone Is improved; downstream 
the odor is described as slight pleasant, while 
upstream it is described as a little unpleasant. 
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Panel 
Acceptability members Total HC (FID) 
[decipol] perceiving [ppm] 
(0 to 31) fuel odor PP 
[%] 
8.7 80 3.0 
8.4 77 3.0 
3.0 36 2.4 
60% 20% 
improvement improvement 


The number of panel members perceiving a fuel 
odor is much smaller downstream when the 
O.,/VOC catalyst is in place. 
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OZONE/VOC CONVERTER PROVIDES 
A SPECTRUM OF PERFORMANCE FOR VOC COMPOUNDS 







aldehydes 







aromatics 
| alcohols 







ketones — alkenes 
- acids 


Catalytic ¥ 


Conversion 





carbon 
monoxide 








0% alkanes 


100% 


VOC conversion is compound, converter, catalyst, and operating condition specific 
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OZONE/VOC v. OZONE CONVERTER PERFORMANCE 
BTEX HYDROCARBON COMPOUND MIXTURE 


100% 


Ozone/VOC 
Secale: Ozone/VOC converter 

ws | See provides significantly 

° % Sec 

> Xx greater hydrocarbon 

5 si conversion than ozone 

= 60% converter 

7 3X 

2 

O 

40% Performance shown for 

<x or 

initial converter 

"a _o- Ozone 

= = Converter performance 


20% 


(O flight hours) 





0% 
140 160 180 200 220 
AIR TEMPERATURE INLET TO CONVERTER, C 


BTEX = Mixture of benzene, toluene, ethyl benzene, and xylene 
Ol - BASF 
We create chemistry 
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DEOXxO'™ OZONE AND OZONE/VOC CONVERTERS 


ee Ozone / 
Deoxo™ Catalyst Benefits VOC 
Converter 
Converter 

Regulatory compliance with cabin air WA Vi 
ozone concentration requirements 
Lightweight, easy-to-install (retrofit), and Y Y 
superior catalyst life with proven performance 
Reduces Jet-fuel odor in the cabin, 

. | n/a v 


improving cabin comfort 
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SUBSTRATE CATALYST 
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COMPLIANCE 
& COMFORT 





CONVERTER 
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INSTALLED CONVERTERS ARE ONLY PART OF THE EQUATION ... 
PROPER MAINTENANCE IS ESSENTIAL 


m Ozone converters are rotables and must be 
maintained properly to ensure effective 
performance and regulatory compliance with 
cabin air standards 


m Poorly or improperly maintained converters do 
not guarantee continued performance 


m As MRO, BASF has the breadth and depth of 
knowledge to maintain the catalyst 
performance in a manner that leverages the 
Original design and thereby extends converter 
useful life 








CATALYST CONTAMINANT EXPOSURE IS INTRINSIC TO 
OZONE (VOC) CONVERTER APPLICATION 


Environmental Control System 














Bleed air _ 
+Air contaminants 
+Hydraulic fluid leaks ae 
+Lube oil leaks Wf 
+De-icing leaks 


Bad for 
catalyst 









INTAKE COMPRESSION 
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Combustion Chambers : 

















Turbine ' 





Cold Section Hot Section 


Img src:Jeff Dahl site:Wikipedia 
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CATALYST 
CONTAMINANTS “AGE” THE GONVERTER- 


v ACTIVE 
VDD) COMPONENT 
& 
% 


 WASHCOAT 7“ 
SUBSTRATE 
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FLIGHT HOURS 





MAINTENANCE CYCLE 
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active components 
accessible in opened pores 


© v ~~ 
V0 Lag, 








WASHCOAT 


plugged washcoat pores “trap” 
active components rendering 
them “inaccessible” 


WASHCOAT Va 


SUBSTRATE 
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CATALYST 


CONTAMINANT REMOVAL RENEWS CONVERFER-ACTIVITY 
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OZONE CONVERSION (AS RECEIVED), % 
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AIRCRAFT X / BASF MRO - MULTIPLE WASH CONVERTERS 
OPERATING HOURS (TSN) v. OZONE DRE (AS RECEIVED) 


BASF MRO 
SERVICE 


BASF MRO 
SERVICE 
BASF MRO 
SERVICE 


MINIMUM ACCEPTABLE CONVERSION 
(AIRLINE SPECIFIC) 


LIFE CYCLE HISTORY OF FIVE OZONE CONVERTERS 


5,000 10,000 15,000 20,000 25,000 30,000 
FLIGHT HOURS (TSN) 


Reference: BASF MRO Service Database (proprietary) 
Aircraft X / Airline Y 


BASF MRO converter [catalyst] service 
preserves the active component and pore 
structure of the catalyst. 


This preserves the catalyst aging 
characteristics for reliable, predictable 
performance 


When washing no longer restores sufficient 
activity, the converter can be “recored” — the 
aged catalyst core is replaced with fresh 
catalyst 
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CATALYST 
COMPARISON OF GONVERTFER-SERVICE METHODS 


recoat 
renew 





STRIP & RECOAT RENEW sy 


DEEP PORE CLEANING 


BASF 
y iro < 
Not quite like the 


original, but close 
enough’? 





Preserves catalyst 
pore structure for 
enduring value 
and performance 
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overcoat 





OVERCOAT with 
DIFFERENT ACTIVE 
COMPONENT & WASHCOAT 


¥v 


Paints a different picture 
but it still fits 
the original’s frame 





AN OVERCOAT CHANGES THE CATALYST SURFACE AND 
DILUTES THE INVESTMENT IN CLEAN AIR TECHNOLOGY 


OVERCOATED CATALYST 
BECOMES A “DIFFERENT” TECHNOLOGY 
BASF Catalyst 


Original technology 


Precious metal 
active component 


Porous washcoat for 
extended service life 
in application 





BASF Corporation owned image — all rights reserved. 


DIFFERENT CATALYST SURFACE 
EQUALS 
DIFFERENT TECHNOLOGY 
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Adding or concentrating active component at 
catalyst periphery (catalyst-gas interface) improves 
ozone conversion for fresh catalyst at initial testing but... 






OVERCOAT 





CONTAMINATION 
$$ * 


MAINTENANCE CYCLE 
O- BASF 
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PERFORMANCE 


...active component added or concentrated at the catalyst 
periphery (catalyst-gas interface) is more susceptible to 
performance loss by surface deposition of gas contaminants 





MINIMUM ACCEPTABLE RERFORMANCE 7 
~ 


a 


‘o)¥/ = ={ere)- WE Oil deposits (P, Zn) 





CONTAMINATION 
$$ eee" 


MAINTENANCE CYCLE 
O- BASF 
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PERFORMANCE 


BASF MRO servicing retains original catalyst 
design, yielding margins to offset sudden and 
unexpected changes in operating conditions 





MINIMUM ACCEPTABLE PERFORMAN(E 
\ 





CONTAMINATION 
$A * 


MAINTENANCE CYCLE 
O- BASF 
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PERFORMANCE 





WHY SHOULD YOU CARE WHO SERVICES THE CONVERTER ? 


Because you want operational margins: 


¥Y There are no ozone sensors in the aircraft cabin to alert a 
converter performance failure 


Y Contamination is not a predictable event 
Y Converter maintenance is a pre-scheduled activity (C check) 


The risk, and consequence, of converter non-performance is 
born by the aircraft occupants... 





CONTAMINATION 
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PROPERLY SERVICED, CONVERTERS ARE AN INVESTMENT 
IN CLEAN AIR THAT RETAINS VALUE OVER THE LIFE OF THE AIRCRAFT 


BASF MRO Services 
¥v Performance test 
¥ Chemical wash to remove 


contaminants and renew 
pore structure of catalyst 





Y Converter recore to 
replace catalyst core 
within existing structure 
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THE AIRCRAFT IS YOUR WORKSPACE AND YOU DESERVE QUALITY CABIN AIR 


O- BASF 
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Summary 


m BASF has been involved in aircraft cabin clean air issues for over 35 years; we developed the 
ozone and ozone/VOC technology in response to market and customer needs 


mM Having an ozone or ozone/VOC converter installed is only part of the equation; converters must 
be properly maintained to ensure continued performance 


@ BASF is very interested in working with all major stakeholders to further develop solutions for ever 
evolving aircraft cabin air issues 


m@ Wed like to thank you for the opportunity to discuss these issues today; ultimately, each and every 
one of you is our end use customer 
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Countess of Mar 


Closing Speech 


International 
Aircraft Cabin Air Conference 2019 
Imperial College London 
17/18 September 2019 


Ladies and Gentleman Good Afternoon 


I am the Countess of Mar and a co-patron for the GCAQE. 


I hope you will agree with me that the 30 speakers we have 
been privileged to listen to over the last 2 days have again 
clearly shown us that contaminated air on aircraft is very 


real and the problem must be resolved. 


It is 10 years since the distinguished British Air Accident 
Investigation Department recommended that contaminated- 
air detection systems be fitted to passenger aircraft. Still no 
aircraft flies today with any warning systems fitted. It is not 
only unbelievable but clearly shows us that our aviation 
regulators are failing to show the leadership, respect and 


common sense this issue deserves. 


It makes sense that a warning system on an aircraft to alert 
pilots and crew when the air contains hazardous chemicals 
should be a statutory requirement. Instead Her Majesty's 
Government hide behind the cloak of EASA when it comes to 


decision making. 


Two years ago I stood here beside Captain Niels Goner. He 


and his co-pilot were totally incapacitated due to oil fume 


exposure on the descent to Malmo nearly 15 years ago. They 
were lucky to survive. The harsh reality is that the industry 
has been negligent in failing to act. Here, I applaud Eastman 
for the unambiguous labelling of their 2197 synthetic jet 
engine oil: “Do not breathe mist or vapour from heated 
product.” Why do not the other manufacturers follow their 


lead? 


Contaminated air is not just a jet engine oil issue. Countless 
swab tests remind us this is also an issue of exposure to 


hydraulic fluids. 


Hydraulic fluid cans come with a warning such “Suspected of 
causing cancer’. In doing so manufacturers have made the 
risks very clear but why has virtually no passenger or crew- 


member ever seen such warnings? 


My interest in toxic chemical exposures, like that of many 
others, comes from personal experience; one I would much 


rather not have had. 


I was a Sheep farmer in the days when the Government 
mandated dipping sheep in organophosphate sheep dips to 
remove parasites but, just as happens today with cabin air 


contamination, people were not warned. 


The first I knew of their ability to cause irreversible damage 
three years after I first fell seriously ill. The effects have been 
much like those which I hear about in pilots and crew who 
have been affected. We are told that organophosphates like 
those found in engine oils and hydraulic fluids used in 
aviation are not as poisonous as those used in agrichemicals 
and veterinary medicines but these assertions are simply 
not credible. I live every day of my life with the 


consequences of those exposures thirty years ago. 


The sheep dippers who first complained of suffering health 
effects were dismissed in much the same way suffers of 
asbestosis, smoking or thalidomide and, now, pilots and 
crew have been dismissed. The dangers of all but 
contaminated cabin air have now been recognized, albeit 


after long periods of denial. 


I have raised my concerns in the Lords about the adverse 
effects of organophosphates on human, plant and animal 
health through oral questions, questions for written answer, 
debates and correspondence with Ministers. Since I was 
made aware of the issues of contaminated air in aircraft, I 


have also asked hundreds of questions about this important 


health and flight safety issue and, I hate to say it, I have been 
consistently fobbed off by Ministers. 


I have frequently been told by Government Ministers and 
the aviation industry that all the chemicals measured in 
aircraft are below the exposure standard but, for the most 
prevalent isomers of the organophosphate TCP in engine 
oils, the meta and para isomers, there are no exposure 
standards. I also note that in the fine print of many of these 
countless industry funded reports, it’s clearly stated that 
there were no reported contaminated air events during the 
research. Does this mean that there are never any 
contaminated air events in aircraft or does it make the 
research pointless? I think of Toyber’s Dictum - “The 
absence of evidence is not evidence of absence’, or as 
Professor Andrew Watterson, my favourite public health 
expert put it many years ago - “If you don't look, you won't 


find.” 


The exposure standard debate is an interesting one. We hear 
that the chemicals crews are exposed to are below the 
exposure standard yet most of the chemicals have no 
exposure standard and exposure standards don't apply to 
passengers, especially not the unborn or elderly so why this 


constant denial? To seek to clarify this matter, I asked Her 


Majesty's Government a Parliamentary Question over 10 
years ago: It was very clear. What is the exposure standard 
for the complex mixture of chemicals people are exposed to 
on an aircraft when they are exposed to oil fumes and the 


Government reply was equally clear. None. 


Yet over ten years later we still hear people claim everything 
is below these exposure standards that don't actually exist 
or apply. This raises an interesting further question: Is the 
misinformation agenda such as that Prof Michaels discussed 
this morning, creating confusion deliberately to delay taking 
effective action or is it simply ignorance? One can only 
conclude that aviation is another industry that Prof Michaels 
will be adding to his increasingly list of industries seeking to 


misinform on some aspects of this debate. 


This may seem harsh or negative but its fact. Just like with 
asbestosis, smoking or thalidomide, those industries also 
played the corporate denial game rather than fix the 


problem. 


In my 44 years as a member of the House of Lords, I have 
found that most issues go through several phases. First there 
is consistent denial that a problem exists. Then, if there is a 


problem, it has to be the fault of the person complaining for 


not reading the label or failing to use the correct engineering 
solutions. Then the Government offers to sponsor research 
which, as we know only too well, finds that there is no 
problem. Eventually the burden of evidence becomes so 


ereat that preventative action has to be taken. 


Where are we with the contaminated air issue today, 18 
September 2019, some 65 years since the problem was first 
recognised? I would say we are slowly transitioning into the 
final phase - lets fix this problem but let’s not necessarily 


accept or admit that it exists. 


The only real solution to this problem lies in the design 
architecture of the Boeing 787 and not to use ‘bleed air’ at 
all, 1 would very much like to applaud some of those who 


have played a key role in being part of the solution. 


I particularly applaud Pall Aerospace for their extensive 
research & development in seeking to develop a new total 
cabin air filtration system. I first heard them talk about 
designing solutions in 2005, so well done them for all their 


efforts and persistence. 


I congratulate those airlines that have shown the leadership 


to be part of this new phase and to start flight trials of the 


new Pall system. Airlines looking to finally install much 
needed ‘bleed air’ filtration. I have no doubt your marketing 
teams will soon turn this leadership into increased revenue 
as competitors lag behind in vision or duty of care to their 


crews and passengers 


I also cheer those pilots and crew whose own careers and 
health have been adversely affected by contaminated air 
exposure and who have played a huge part in driving the 
industry to the much-needed solutions. There are so many of 
you but Dr Susan Michaelis, who I am proud to call my 


friend, must be at the very top of that long list. 


I would like to highlight the work of the GCAQE, the largest 
coalition of unions dealing with this issue. They organized 
this conference and have been the main voice of the workers 
who experience these issues every day. Their board of 6, 
under the Chair of Daniel Tandoi, embraces 6 different 
nationalities, showing the global nature of the problem and 


those seeking to resolve it. 


Finally, I have a message for all airline chief executives and 
airline board members around the globe. New filtration 
systems are now available. Every individual passenger and 


crew-member deserves to breathe clean air on board. Iam 


yet to meet a shareholder who would disagree, so please, do 


the right thing, show leadership and bring this 6-decade old 


problem to an end. 


Thank you 
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Emergency Preparedness and Response 


Nerve Agent and Organophosphate Pesticide 
Poisoning 


TOXIC SYNDROME DESCRIPTION 


The purpose of this document is to enable health care workers and public health officials to recognize an unknown or 
suspected exposure to a nerve agent or an organophosphate (OP) pesticide. Nerve agents are chemical warfare agents 
that have the same mechanism of action as OP organophosphate pesticides insecticides. They are potent inhibitors of 
acetylcholinesterase . Inhibition of acetylcholinesterase leads , thereby leading to an accumulation of acetylcholine in the 
central and peripheral nervous system. Excess acetylcholine produces a predictable cholinergic syndrome consisting of 
copious respiratory and oral secretions, diarrhea and vomiting, sweating, altered mental status, autonomic instability, 
and generalized weakness that can progress to paralysis and respiratory arrest. 


The amount and route of exposure to the nerve agent or OP pesticide, the type of nerve agent or pesticide, and the 
premorbid condition of the person exposed person will contribute to the time of onset and the severity of illness. For 
example, inhalation of a nerve agent or an OP pesticide leads to a quicker onset of poisoning with more severe 
symptoms when compared to with dermal exposure s, given the same amount of agent. 


Signs and symptoms 


The following is a more comprehensive list of signs and symptoms that may be encountered in a person exposed to a 
nerve agent or OP pesticide. Signs and symptoms are not listed in order of presentation or specificity. Also, partial 
presentations (an absence of some of the following signs/symptoms) do not necessarily imply less severe disease. 


Central nervous system signs and symptoms 


e Miosis (unilateral or bilateral) 
e Headache 

e Restlessness 

e Convulsions 

e Loss of consciousness 


e Coma 


Respiratory signs and symptoms 


e Rhinorrhea (perfuse watery runny nose) 

e Bronchorrhea (excessive bronchial secretions) 

e Wheezing 

e Dyspnea (shortness of breath) 

e Chest tightness 

e Hyperpnea (increased respiratory rate/depth) - early (increased respiratory rate/depth) 


© Bradypnea (decreased respiratory rate) - late (decreased respiratory rate) 


Environment 


mlcV4-laekme)melel me) ia maatel.dlayee 


(Xo) aa) o)(=).aelal=aaliers]mexelaal elelelaletcw-)alemOlg am 


One chemical at a time/trigger limits 


Dibectly and indibectly, sepabately and collectively. 





Aircraft. 





RAnti wear TCP and complex mixtures of 
isomers, ester based stock, anti 
oxidants and other proprietary 
ingredients. 


ROil Change and engine ‘on wing time’. 


RVapor-Phase lubricants / High 
temperatures and the Creation of 
Aerosol Nanoparticles under Bearing 
shear stress. (Bearing Squeeze oil.) 


RThermal degradation of small volumes 
of oil, and assured sequelae. 
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European Aviation Safety Agency 





Certification Specifications 
and 
Acceptable Means of Compliance 


for 


Large Aeroplanes 


CS-25 


Amendment 18 


22 June 2016" 


1 For the date of entry into force of Amendment 18, plaase refer to Gacision 2016/010/R In the Official 
Publication of the Agency. 


Amendment 18 


Risk to Operations 


& 





NO DETECTORS FOR 
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CREW 
INCAPACITATION, AND 
ACUTE OVER CHRONIC 

EXPOSURE 
THRESHOLD. 


WHEN IS SMOKE NOT DESENSITIZED SMELL 
SMOKE ? SELECTING AFTER 3 MINUTES. 
THE CORRECT 
CHECKLIST. 








LAND ASSOONA 
POSSIBLE OVER 
OCEANIC AND LARGE 
LAND MASS. 





COMPLEXITY OF TRAINING. 
SMOKE/FUME/SMELL 
CHECKLISTS AND THE 
RISKS ASSOCIATED 
WITH SMOKE EVAC 
PROCEDURE. 
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Meaningful Steps. 


Reporting. 


Cabin Air Quality Sensors. 


Bleed Free future Aircraft. 


Medical Assesment Protocols 


Enhanced Training (Recognise Characterize, Respond) 


Long term Health effects. 


Conclusion 





LONG TERM HEALTH GENERAL FORESEEABILITY ULTRA FINE PARTICLES AND 
OF INJURY OR IMPAIRMENT. THE BLOOD BRAIN BARRIER. 





Lucius Seneca 


R Errare humanum est, sed perseverare 
diabolicum.” 


R To err is human, but to persist in error is 
diabolical. 





The Regulatory Implications of 
Bleed Air Supply Contamination 
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https://www.metabunk.org/attachments/docslide-us_a-320-engine-pdf.16733 


Oil Bearing Chamber 
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STIRLING https://www.exxonmobil.com/en/aviation/knowledge-library/resources/jet-engine-oil-system-2 





Normal Oil Consumption 


| “ 


¢ Normal “permissible” oil consumption via: 
— breather/deoiler - vent system 
— past seals > core airflow 


— oil leaks 





¢ Rate of loss affected by various factors 


— style of seal, balance ratio, lubricating regime, operating 
conditions (speed, temp, pressures), component condition, 
wear life, distortion... 


All dynamic seals are designed to leak 


ee om https://www.exxonmobil.com/en/aviation/knowledge-library/resources/categories/tech-topics 
STIRLING https://gavinpublishers.com/admin/assets/articles_pdf/1537165462new_article_pdf69025564.pdf 
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Oil Leaks 





}— 


. Normal operations 
All dynamic seals leak very low levels (not absolute design) 
— Rely on pressurised air: seals have a clearance / lubricated surface 
Increased leakage: 
— Pressure changes (transients) > Power air supply config changes 
— Thermal mechanical changes in engine 
— Low internal pressure — e.g. start up, taxiing, descent 


— Oil hydrolysis (reaction with water) and thermal oxidation > release 
of carboxylic acids which can escape from oil system (associated with 
strong odour “dirty sock”) 


2. Operational: e.g. wearing seal; oil overfill 
3. Failure conditions: bearing seal failure or component... 
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Misconceptions About Oil Leakage 


1. Higher pressure in gas path than inside bearing chamber — keeps 
oil in bearing chamber x 


2. Seals only leak when failure occurs x 
3. Reverse pressures to be avoided — prevents leakage x 


"Sealing bearing chambers at near ambient pressure is difficult" (Chupp 2006) 
NASA/TM—2006-214341 
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Recognition of Oil Leakage in Normal 
Conditions 





¢ Oil replenishment (‘top up’) maintains oil additives (ohnson 2018) 
¢ Oils designed to work in engine, limiting exposure (ExxonMobil, 2018) 


¢ Bleed system pressure fluctuations cause bearing seals to leak 
allowing oil to migrate into the cabin bleed air (exxonmobil, 2018) 


e “Shaft seals- must function as SEALS - NOT flow restrictors” 
(Bill, 1991) 


e “A zero Seal leakage is an oxymoron” (chupp, 2006) 


¢ Most engines might have a certain low level turbine oil leak 
rate (permanent oil entries) (casa 2017) 
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Two Ways of Addressing This Problem 


1. Engineering failure analysis — currently used 
— Analysis, ground flight testing or simulator tests 


— Engineering judgement, previous experience, sound 
design & test philosophies. 


2. Thorough assessment of the system in use in both normal 
and failure modes. 


Do not place reliance on reporting system due acknowledged under-reporting 
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Method 1 — Brief Outline of Regulations, 
Standards & AMC 


¢ 25.831- air does not cause undue discomfort, harm. 
¢ 25.1309 & AMC 
— System works as intended 


— Air supply system does not cause impaired crew efficiency/ 
discomfort > 1 in 100,000 flight hours. 


¢ CS-E/APU... Engine/APU & AMC safety analysis 
— Ojl... in bleed air does not degrade crew performance 
> 1 in 100,000 engine/APU hours 
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Method 2 — Assessment of Whole System 


¢ Oil leaks at low levels in normal operations — permissible oil 
consumption — see previous 

¢ Oils and other hazardous substances enter the bleed air — 
see next 
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Oils Cause Adverse Effects 


Oil MSDS/labels: 


Global chemical hazards system / e.g. EU classification 
*hazardous substances databases 


— *QOjls: Damage to unborn/fertility; damage to organs (single repeat 
exposures): skin, respiratory sensitization; eye, respiratory, skin 
irritation; harmful in contact with skin; eye damage 


— * Hydraulic/deicing fluids: Above + harmful if inhaled; genetic effects; 
Suspected to cause cancer; drowsiness, dizziness 


¢ Manufacturers recognizes adverse effects, hazards, 
— Shell (1999); Boeing (2007); ExxonMobil (2017), Rolls Royce (2003)... 


¢ Reports (where available) show Acute (short-term) effects/ 
impairment at > ~ 30% 
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Product Name: MOBIL JET OILII 
Revision Date: 06 Sep 2017 
Page 1 of 11 












Mobil Jet Oil Il Eastman 2197 
* May cause damage to organs * Do not breathe mist or 


vapor from heated 


through prolonged or repeated 
material; 


exposure. (Blood, Kidney); 


suspected to damage fertility; 


¢ Inhalation of thermal 
¢ Symptoms of acute exposure to . 
decomposition products 


decomposition products: may lead to adverse 
headache; nausea; eye nose & stiacts: 


throat irritation; 


¢ Not expected under normal 
conditions of use. 
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Oils Are Hazardous 


“Jet oils do not pose a hazard when used as intended... Mobil jet oils are 
intended to be used in the lubrication of engine oil systems” - (ExxonMobil 
2018) 


“We do not believe that Mobil jet turbine oils pose any significant 
toxicological risk to individuals accidentally exposed to aerosols or vapors in 
aircraft cabins. Such exposures are not what we would refer to as “normal 
use” (Mobil, Australian Senate Inquiry, 1999/2000) 

“Ortho —TCP is a known hazard; but exposure is controlled.” - (ExxonMobil 
2018) 

“Oil leaking from an engine entering the customer off-take is “classified as 
HAZARDOUS”” (Rolls Royce 2003) 


“Oil vapors and coking smells are obnoxious at best and health hazards at 


worst to the customer’ (nasa, 1995) 


Where Are We Up To? 


Design guarantees low levels of oil in normal operation — all 
flights 
Confirmed by many cabin air quality studies over 20 years+ / 
swab tests, ducting... 


So does this design meet the airworthiness standards? 


Lets have a further look ... 
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Are the Regulations / Standards & AMC 
Being Met? 


25.831 — Ventilation Air 


a) There must be a sufficient uncontaminated "fresh" air to 
enable crew to perform duties without undue discomfort / 
fatigue 

b) Air must be free of harmful / hazardous concentrations of 
gasses and vapours 
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Are the Regulations / Standards & AMC 
Being Met? 


25.831 — Ventilation Air 


ls there enough uncontaminated air to not cause undue 
discomfort — NO 


Is air free of concentrations of gasses/vapours causing harm — NO 


Adverse / harmful effects are expected and being routinely 


documented 
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Are the Regulations / Standards & AMC 
Being Met? 


25.1309 & AMC — Equipment Systems ... Design Requirements 
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Do the systems and equipment perform intended function 
under foreseeable operating conditions? 


‘Major’ failure conditions must be remote* (CS) - *Unlikely to 
occur in each aircraft during total life, but may occur several 
times during life of an number of aircraft. 


Impaired crew efficiency / discomfort to pilots must not occur 
more than 1 per 100,000 flight hours (10°- 10°’) (AMC) 


Oil leakage is a ‘probable’ & above or expected condition 


Mi 


Are the Regulations / Standards & AMC 
Being Met? 


25.1309 & AMC — Equipment Systems ... Design equirements 


¢ NO: Oil from the engine lubrication system enters the bleed air 
(not intended purpose) under foreseeable conditions 


¢ NO: Impairment (“Major’ failure) to crew efficiency is occurring > 
than 1 in 100,000 flight hours 


¢ NO: oil leakage into the bleed air supply will occur to all aircraft 


‘Oil leakage is probable’ & expected condition 


‘Permissible oil consumption’ 
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Are the Regulations / Standards & AMC 
Being Met? 


Engine/APU - CS E -510 / FAR 33.75 & APU & AMC...- Failure/ 
safety analysis 


¢ Hazardous engine effects must be ‘extremely remote’ 
occurring less than 1 in 10 million / engine hours (10°) (CS) 
— Includes toxic products in bleed air sufficient to 
incapacitate crew/pax (CS) 
¢ Major engine effects must be — ‘remote’ occurring less than 1 
in 100,000/engine hours (10>) (CS) 
— Toxic products in bleed air sufficient to degrade crew 
performance (AMC) 
— Toxic products include degradation of oil leaking into 
compressor airflow (AMC} 
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Are the Regulations / Standards & AMC 
Being Met? 


CS E510 & AMC & CS APU 210 & AMC... Failure analysis... 


¢ NO: Degraded crew performance (‘Major’ engine/APU 
effects) due to oil leakage into compressor airflow/bleed air 
for cabin is occurring at > 1 in 100,000 engine/APU hours 


‘Oil leakage is probable’ & expected condition 


‘Permissible oil consumption’ 
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Other Regulations /Standards Not Being Met 


¢ FAR/CS 25.1309(c) - Information concerning unsafe system 


operating conditions must be provided to the crew to enable 
them to take appropriate corrective action — Warning system 


Unsafe condition — events occur more frequently than safety 


objectives allow that may impair crew efficiency, cause 
discomfort to occupants... 


¢ Bleed air purity testing 
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Certification - Michaelis MSc (2016) 


¢ Certification: Must show compliance with all requirements 
— No requirement to follow a specific process 
— Interactive process between regulator and manufacturers 


¢ Engine/APU: Focus on ‘hazardous’ engine effects — concentration of toxic 
products sufficient to incapacitate — Not AMC 


¢ Airframe: No requirement for the air to be pristine free of contaminants (FAA); 
CO, CO2,03, enough fresh air... 


— Manufacturers can choose to follow additional standards: e.g. ASHRAE, 
ASD-STAN (cancelled), SAE guidelines, NIOSH, CDC... 


° Process is insufficient to ensure to ensure breathing air (bleed air) will not lead 
to impaired crew efficiency & degraded performance and adverse effects to occupants. 
e There is a gap between the bleed air system regulatory process and the supply of clean 
air in aircraft. (Michaelis, 2016) 
° Non binding 
° Focus on failure conditions 
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Where To Next? 


¢ Future designs should be bleed-free; 


¢ Air cleaning technology (filtration, catalytic convertors) to be 
provided for supply air (bleed and non bleed aircraft); 


e Sensors to be fitted; 
¢ Better designs: seals, improved oil reservoir, other design features; 
¢ Improved clean air regulations/standards & compliance; 


¢ Understanding low-level oil leakage occurs in normal operations, 
not just failure scenarios; 


¢ Better procedures, training, education: crew, maintenance & 
management; 


¢ Frequency seen in terms of design, NOT reporting. 
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Thank you 


Further information: 


httos://www.SusanMichaelis.com 
SuSan@SusanMichaelis.com 
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Tobacco’s Campaign to 
Manufacture Uncertainty 


“Doubt is our product, since it is the best means of 
competing with the ‘body of fact’ that exists in the 


minds of the general public. It is also the means of 
establishing controversy. ” 


-Brown & Williamson Document No. 332506, 1969 





BROWN & WILLIAMSON 
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Pattern Is Reported 
To Begin in Childhood 
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lane Specialist Cites 26 Reasons 
For Doubting Cigarette-Canecer Link 


Although mech net been written about poeable cwasal relations 
ed cigarette emokiiye to lung cantor, (bere is o pood deal of evidente 
which dees not fit this hypothesis, according to a Cakifornia poles 
nary apocialiat. Tn a newiew artieke digested below, he ausimarion TA 
reasons for ine belteving thel cigarette smoking is mot an important 
miclogleol apese in long toneer, ered met the Seal cegepa are Udon. 
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HILL ans KNOWLTON 


HE aad Knoatiton, Inc. 
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Case Histories aren 


The following pages contain case hilatoriles detailing 


Hill and Enowlten's work on s#lected environmental, and 


occupational health iesues: 
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Siting a Municipal Waste Incinerator 
Vinyl Chloride and Cancer 

Asbestos and Human Health 

Dioxin and Public Health 
Pluorocarbons and Orone Depletion 
saccharin and the FDA 

Toric Wastes Threaten Major Manufacturing Facility 


Groundwater Contamination Harms Company Reputation 


Fluorocarbons and Ozone Depletion 
Problem/Situation 


Sclentific allegations that fluorocarbons released from 
aerosol spray cans were a threat to the earth's ozone layer 
had become a cause celebre in the media and government, 
Despite the fact that there was no real scientific pracf of 
the charges, and that it would be years before facts could 
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be assembled, the media fastened on the threat of increased 
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The Nobel Prize in Chemistry 1995 





Yor their work in aimosphenc chemistry, particularhy concerning the 
formation and Gecomposibon of ozone" 





Paul J. Cruben Mario J. Molina 





The Moke! Prize in 
Chemistry 1995 
Press Keleqse 
Presentation Speech 
Nustated Presentation 


Poul J. Crutzen 
Subobiograpity 
Curriculum Vitae 
Nobel Lecture 
Interview 

(ther Resources 


Mario J. Molina 
Subobiog ra pity 
Nobel Lecture 
(ther Resources 


F. Sherwood Rowland 
Aubo biog ra pity 

Nobe) Lecbure 

Gangquet Spsechn 

(ther Resources 
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WINNING THE GLOBAL WARMING DERBATE— AN OVERVIEW T h e scien t | fl C d e b ate 
Please keep in mind the following communication recommendations as you address elobal ' 
WEITMITIE 1 — particularly zn Democrats and opinion leaders attack President Bush over Kyoto, re mM a | N S O D e Nn a Vote rs 
(i. The selentifie debate remains open, Voters believe that theres no consensus about global believe that there is no 
| warming within the scientific community, Should the public come to believe that the scientific 
ssues are settled, their views about global warming will change accordingly, Therelore, you need fe b b 
mee fo make te lack of scientifi ic ceriainty a primary issue fn the debate, and deterto | con Ss en Ss US a O ut Q | O al 
scientists and other experts in the field. . : ‘ 
: ai warming within the 
3 Americ ary want a free and open diveussion, Even though Democrats savaced — SC] eC ntifi C CO mM mM U Nn ity. 
formally withdrawing from the Kyoto ace cord, the truth is that none of them would have actual] 
ated wo ratify the treaty, and they were all glad io ace it die. Emphasize the importance of “wcting S d b " 
ab with all th with gil the facts in hand" hand”; and “makisty y the right decision, not the quick decision.” h O U | th e D U | IC CO mM eC 
Sarnia nee ener e ken nme ane tee to believe that the 
Techaoloey and innovation are ite key int arvumenty on both sides. Giobal v PATOLTZ alarmisis use ; _ 
Arnerican superiority in technology and innovation quite effectively in responding to uccusation f 
shih sagdj bn sehiswicsie' such as the Kyoto accord could enst the United Stazes billions. Rat het | S Cl e N tl | C ISS U es a re 


than condemning corporate America the way most covirammentalists have done in the past, they 


attack their us for lac cking £ o faith in our collective ability lo meet any economic challenges presented | settled , the l VIEW about 
by environmental changes we make. This should be our arg sument, We need to emphasize how | 
velumfary innovation end experimentation are preferable to burcaucrelic or mlematiogal Mervention global Wa rm | NQ WI | 
and re gu Lacn, Pig ba 
change accordingly. 
Therefore, you need to 
continue to make the 
onomic argument should be secondary, Many of you will want 10 focus on the higher prices 7 tr 

and lost jobs that aus result from complying with Kyoto, but vou can do belier, Yes, wher put in | a ck of S Ci en ti f | C 

specie terms (fod and fue! prices, for example) on an individual-by-individual basis, this atgument . . 

does resonate. Yes, the fact that Kyoto would hurt the economic well bemg of semots and the poor | y Pp ry 

isof varticular sangeet However, the economic areument is leas effective than each of the cer ta ! n t a r ! m a 

arguments listed ahove. | 7 4 ag 
Laan Hened a issue in the debate... 


(emphasis in original) 
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The “international fairness” issue is the emotional home rua. Given the chance, Americans will 

aT a Ty ey ky Oe a ee ea ; = : 
(lemand that all nations be part of any international global warming treaty. Nations such es China, 

iMexica and India would have to 31E0 ! SLC ett aPTestient for the mi: aye IniLy at Americans lo suppart il | 
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Marketing “Product Defense” 


ASBESTOS, TOBACCQ, 
PHARMACEUTICALS - WE’°RE 
ALL NEAT! 


* Scare science 
¢ The loss of presumptive innocence 


* Where will the liability end? 


Presented by 

Mr, Joseph Huggard 

The Weinberg Group LLC 
2 18 June 2003 


The Enronization of Science 


¢Scientists hired to defend products in 
regulatory and legal arenas 


¢Their value is their ability to influence 
regulation and litigation, not to provide valid 
science 


¢Produce science of questionable value 


Selected Glassdoor Reviews by 
Product Defense Firm Employees 


e“This is a law consulting company, not a science 
consulting company. Don’t expect to be a 
‘scientist. [Cardno ChemRisk] 


“Some of the principal scientists have questionable 
ethics (and have been called out for it).” [Gradient] 


“Sometimes you will be working for the evil do-ers 
and trying to make it seem like they did nothing 


wrong. [Exponent] 
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DAVID MICHAELS 


Manufactured Uncertainty 
Threatens Public Health 


¢Clean Air 
¢Clean Water 


¢Lead Exposure to Children 


Manufactured Uncertainty 
Threatens Public Health 


¢ Sugar 
¢ Sugar-Sweetened Beverages 


e Alcoholic Beverages 


Manufactured Uncertainty 
Threatens Public Health 


¢Glyphosate 


°Talc 


The Work of Mercenary Scientists 
Hurts the Credibility of All Scientists 


DOGBERT CONSULTS [81 1 RECOMMEND PAYING 
2] WEASELS TO WRITE 
| EVERY CREDIBLE 21) ARTICLES CASTING 
| SCIENTIST ON EARTH | DOUBT ON THE DATA. 
| SAYS YOUR PRODUCTS [2 
HARM THE ENVIRON— 


0 0? ©2007 Scott Adama, tec./Dést. by UFS, Inc 
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2012: The World Health Association/ 
International Agency for Research on Cancer 
Classifies Diesel Engine Exhaust 

as Carcinogenic to Humans 


Meet the Volkswagen 
TDI Clean Diesel 





This ain't your bot ——s 
diesel. 


my Old Whee tale #6 
Diesbli is Dirty 


ce | 
Clean Diesel 


Eom m0 1400 Het Aden Hed tment Ht mn AnH om Ameen end Cede kd Cm ened Em Heed NEARY N Hee tm en dA m8 E mk EAE ed Eee emt ed Gm Aen Hed Gn Amn Amd Pent AH Em end Hed me ent Et emt oth ten md Cdn md Cm emO A Hnd Pm VemN Hed En Unt Em emt ed Ewe mn Ame d Ln HRN md ON Hmd mad een Vd PtmG Amn Ae md E mem md Ee em nd Ama emu Hed Hu Veen EHNA Pend Hema MEd Pent Het tm end Hed m4 Hed Au end EAE nt Ee mn med Em emt nd Ee Hed ted LUA Kenta end Amd Dem Amn Hed me A ent Em nt AEA Am A end A NEO HRd AH emN Hd Ewe A eomtYmed Pen Amd tm 4 nH mt Amn Am md ERA mk E en emu nd Ee Veen Hed Gm Amd Hed Fn Heed Amd Ent Heme tment YeN Pmt Aen Ae md Cet Au end Cm een end Em ERO nd Ee Veen Hed Ln Hed d end Heed Amd en Hed mu mk Ee emt Ene eed Emden end em Hemant come emt 


From: Stertz, Brad 


To: Kata, Leonard (EEO); Johnson, Stuart (EEO) 
CC: Jacuzzi, Joe 

Sent: 6/12/2012 7:41:47 PM 

Subject: FW: Diesel WHO report reaction? 


Hi Stuart and Len, 


Any guidance you might be able to give regarding this WHO assertion that diesel is a carcinogen would help us with counter 
messaging. This would include studies that might contradict the WHO report below. We also have requests in with Ingolstadt. 


Best regards, 


Brad Stertz 


Corporate Communications Manager 


Audi of America, Inc. 

2200 Ferdinand Porsche Drive 
Herndon, VA 201714 

United States of America 
Office: + 1-703-364-7440 
Mobile: + 1-703-344-1320 

Fax: + 1-703-364-7076 

mailto: brad.stertz@audi.com 
http:/Awww.audiusa.com 
http://www.audius anews.com 


i) © gh oo 





ey. 
I 








Lovelace Respiratory 
Research Institute 


lovelace and Family of Companies 


2013: German Auto Industry Trade 
Association Signs Contract with 


Lovelace 
EUDT 


Europaische 
Forschungsvereinigung 

fiir Umwelt und Gesundheit 
im Transportsektor e.V. 


EUGT e.V. Fritschestrafe 35 10627 Berlin 


EUGT e.V. 
FritschestraBe 35 
10627 Berlin 


t: 030 3101 2252 
f: 030 3101 2253 


w: www.eugt.org 
e: info@eugt.org 


AGREEMENT 


between the 


Europaische Forschungsvereinigung fiir Umwelt und 
Gesundheit im Transportsektor e.V. (EUGT) 


(European Research Group on Environment an 
Health in the Transport Sector, registered association) 


Fritschestrasse 35 
D-10627 Berlin 


Herein after ‘Research Association’ 
- abbreviated as 'EUGT' - 


and 
Lovelace Respiratory Research Institute (LRRI) 


2425 Ridgecrest Drive SE 
Albuquerque, New Mexico 87108 


represented by 
Lori Orona 
Project management: 


Herein after ‘Researcher’ 


EUGT e.V. FritschestraRe 35 10627 Berlin 


10627 Berlin 


t: 030 3101 2252 
f: 030 3101 2253 


Ww: www.eugt.org 
e: info@eugt.org 


AGREEMENT 


EUGT shall contribute the amount of $718,572.00 US-$ (in words: seven 
hundred eighteen thousand five hundred seventy two $) incl. all taxes to 
the Researcher. Payment shall be effected to the below-mentioned 


account of LRRI within 14 days after the first invoice. 


The contribution will be made in three installments. For this purpose LRRI 
will submit an invoice for 50% of the sum after this Agreement has become 
effective, an invoice for 40% upon completion of the in-life portion of the 
Research, and an invoice for 10% once the final report on the Research 
becomes available to EUGT. Work will begin once the initial contribution 


has been received. 


4. Confidentiality 


The contracting partners obligate themselves to treat as confidential, and to keep 


secret vis-a-vis outside parties, and further not to exploit, all documents marked as 





secret as well as all other information made mutually available. The contracting 
partners are obligated to maintain the same confidentiality during the performance 
of the work, and for up to five years after its conclusion, with respect to both the 











James Liang, “Leader of Diesel 
Competence”, VW Group of America 


() VOLKSWAGEN 
() E189 engines were fitted with a 
“Defeat device” 


gat te eee eee eee eee eee eee EE eEE EEE EEE EEEE EEE EEO EEEEER EEE EEEEEEEEEEEEES EEE ESE EEE EEESEEEEEEEEEE EEE EEE TEES EESEEE ESTEE ESTE EEEEEEEEEEEESEEEEEEEEEEESELEEEEEEEEEEEEEEEE EEE EEE EHR, 


The software could recognise that the vehicle 
is being tested by monitoring- : 


. ~ 
Seeeee eee eeeeee eee eee eee eee eee eee eee EE ESTEE EEO EEEESEEEEEE EEE EEE ESE ESEEEEESEEEEESEDEEESEEEEEESESESESEEEEESEESEEEEEEEESESEEEEESEESEEEEEEEEEEEELEEESEEOEEEEE EEE EEE EEE 


i The steering 
Se (?) wheel position 


Air pressure 












During tests, the engine ran 
below normal power and 
performance - reducing 
emissions and helping the 

car pass the test. f 


Once back on the road, The engines emitted pollutants 
up to 40 times the permissible limit in the US. 
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S| BREAKING NEWS | a N 
mM) VOLKSWAGEN ENGINEER PLEADS GUILTY | y 
Socll FOR ROLE INEMISSIONS SCANDAL, 
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James Liang, “Leader of Diesel 
Competence”, VW Group of America 


2015: Lovelace Scientists Realize 
that VW Rigged the Stuay 


From: Irshad, Hammad 

To: McDonald, Jacob; Brower, Jeremy; Kuehl, Philip 

Subject: RE: EPA accuses Volkswagen, Audi of evading emission laws (Diesel) 
Date: Friday, September 18, 2015 7:25:44 PM 


<1% of OTDE in the tunnel. I believe in our car that system was ON by default. 


Table 2. Comparison of NO, NO, and NO> concentration in the dilution tunnel for three test atmospheres 


| | Tunnel NO (ppm) Tunnel NO, (ppm) Tunnel NO» (ppm) 
PAIR] 0G OG 


NTDE <-> Q 5-) 
OTDE 146.22 168.77 23.49 





From: McDonald, Jacob 

Sent: Friday, September 18, 2015 12:43 PM 

To: Brower, Jeremy; Kuehl, Philip; Irshad, Hammad 

Subject: RE: EPA accuses Volkswagen, Audi of evading emission laws (Diesel) 


Yep they were low. This seems crazy 


From: Brower, Jeremy 
Sent: Friday, September 18, 2015 12:31 PM 


2016: Lovelace scientists desperately 
try to salvage the study 


From: McDonald, Jacob 

Sent: Mon 8/29/2016 5:47 PM (GMT-04:00) 
To: ‘Matthew J Campen’ 

Cc: 

Bcc: 


Subject: FY 14-050 EUGT NHP Diesel Report_23Nov2015 
Attachments: FY14-050_EUGT NHP Diesel Report_23Nov2015.docx 


Here are the results in a draft report. The lavage data are garbage because I didn’t realize this 
until it was too late the guys did the baselines the day before the actual exposure lavages so there 
was inflammation from the baselines..... 


The blood showed nothing by standard clin path as expected. 


The analysis on the bronchial brushings was kind of interesting. 


[ need to publish a paper and basically I will have to throw out the lavage data and then I have 


three figures....and a bunch of aerosol stuff....so I am trying to see if I can squeeze out 
something else that may be interesting and says “old dieslel bad, new diesel good’ so I can win 
the nobel prize. 


2016: Lovelace scientists submit 
abstract, with no mention of the VW 


2016 Society of Toxicology Annual Meeting 
Late-Breaking Abstracts 


ABSTRACT FINAL ID: 3601 Poster Board: P293 
TITLE: Exposures to Old Technology Diesel Emissions to Evaluate Biological Response in Non-Human Primates 


AUTHORS (FIRST INITIAL, LAST NAME) & INSTITUTIONS: J. Brower, H. Irshad, M. Doyle-Eisele, Y. Tesfaigzi, J. McDonald. Lovelace 
Respiratory Research Institute, Albuquerque, NM. 
KEYWORDS: Exposure, Environmental; Inhalation Toxicology; Lung; Pulmonary or Respiratory System; Diesel 


ABSTRACT BODY: The adverse health effects of exposure to standard diesel vehicle emissions (DE) are a major concern among 

urban populations. Studies investigating the biological effects of diesel exposure date back more than 30 years, but combustion 
technology is constantly improving. We intended to establish a non-human primate model of acute DE exposure in order to test 
future hypotheses related to exhaust fractionation and comparisons with alternative fuel technologies. This study evaluated the 
biological responses of female cynomolgus macaques after acute (4 hour) whole body exposure to filtered air (FA) or whole DE. 
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What Needs To Change? 


¢eResearch must be directed by 
independent, unconflicted 
scientists. 


¢Polluters and producers of 
hazardous chemicals must pay for 
the research, but not control it. 


What Else Needs To Change? 


¢eRegulate toxic chemicals by class, 
not one by one. 


eChemicals are not innocent until 
proven guilty: 


End the Presumption of Innocence! 


Thank You for Listening 


Milken Institute School satiaciaelicis 


sf Public Health WASHINGTON 
of Public Health TAL RUE RELY 


WASHINGTON, BC 


THE GEORGE WASHINGTON UNIVERSIT? 





Aerospace 
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Filtration. Separation. Solution. 





Rick Micak 
GCAQE 


Aircraft Cabin Air Conference 








Fresh Air ” Advanced 
Mist and VOC f Cabin Air Filter 
Eliminators (ACAF) for 

(MaVE) Recirculation 


Cockpit Filter 
Unit (CFU) 


© Copyright 2019. Pall Corporation. 





Bleed Air 
Sensor (BAS) 


Contaminant 
Sensing and 
Informing (CSI) 





Cabin Air 
Quality Sensor 
(el-Xo})) 





Aerospace 


How we Finished the 2017 Conference 


FANVEs Ife le)(o iu md a0 ACM Rs! 


fe CCCConneer 


= _ == 
MaVE Bleed 
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Project Timeline 
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BAS is under 
development 
and will launch 
after CAQS 





Solutions take partners: Airlines, OEMs, and Pall. 


© Copyright 2019. Pall Corporation. ® 





DT-\ilal late Mia: me) elle titer-litele 


. oe Aerospace 


sensor Functionality 


= eo 


Detection Limits Event Background 
and Techniques Classification Levels 
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@® Detect contaminant events at or e 


below human olfaction levels Detect changes from “normal 


indicating need for preventive 


® Determine whether ® Turbine oil, hydraulic fluid, maintenance or corrective 
contaminants are increasing, de-icing fluid, other measures 
pipe reread ® Separate sensor for CO ®  ldentify “dirty” aircraft requiring 
service 


® Identify contaminant sources by 
their response fingerprint or 
“smell” 


© Copyright 2019. Pall Corporation. ® 
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Identification: Smell vs. Marker Compounds 


=? 


Odors are identified 
by concentration ratios 





There are over 300 compounds in the smell of an apple”... 


b © 
se” eY 


en vy » 
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@urv acetate xanal 


@ trans-2-hexenal xyl acetate 


is s rs & 


mnv butyrate 


@ 1-Butanol 


-methylbutyl acetate 
-Hexanol 


@ trans-2-hexenol @ Hexyl butyrate nzaldehyde myl acetate 


@uw butyrate 


@ Other 
O - also key VOCs in strawberries** 
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% of Total VOCs 
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@ Toluene (Kerosene) 
@ Heptane (Kerosene) 


m@ Benzene (Kerosene) 





GCMS measured chemical concentrations 
desorbed from cockpit filter 


Filter 3 Filter 4 Filter 5 Filter 6 





Filter 1 Filter 2 


@ Methyl Cyclohexane (Kerosene) § Tributyl Phosphate (Hydraulic Fluid) 


@ Propylene Glycol (Deicing Fluid) m Undecane (Kerosene) 


@ m-xylene (Kerosene) @ Methyl Hexane (Kerosene) 


m@ Decane (Kerosene) Other 


Aerospace 


Why can't humans do it? 








Aerospace 
© Copyright 2019. Pall Corporation. © 


Technology Recap 





Analyte in carrier gas 








2.5 mg/m3 1.25 mg/m3 7.5 mg/m3 
Deicing Fluid Type 1 Mobil Jet Oil #2 Exxon Hijet 
Flow rate Flow controller , — , saat 
Chemoselective layer Preconcentrator collects 
analyte(s) of interest, and 
Charge time “flash desorbs” them when 








heated 
: 


[ Analyte is collected on 
resonator surface 





Maximum exposures: 

DCP: 100 ppm 

IPA 10% of saturation 
Water: 60% RH 
Windex: 50% Saturation 





Concentration is determined 
Signal magnitude is proportional to from change in resonant 
# molecules collected frequency 


2D Projection 





Polymer 2 
Sb” 





; > ag 
* : ; Polymer I 
© Copyright 2019. Pall Corporation. ® 


Conditions and Qualities of Aircraft Fluid Contaminants 





Quality Wife) ey] at =1ae)] 1,410] 10) ad maze) 





flash point (° 
fire point (° , Zee re 
autoignition temp (°C) 404 400 
CONCENTRATIONS IN CABIN: FORM IN CABIN AIR: 


Mostly primary constituents (little is burned in bleed system) 


Both aerosols and vapors due to low vapor pressures 


Total fluids 
~1 to 10 mg/m* 
| 3 ) Markers 
3 | ~ 1 to 50 ug/m? 


Sensor must tolerate exposure to lube and hydraulic oils 


Aerosols foul electronic noses and VOC sensors 


VvVvV v 


Inlet filters (to protect against aerosols) generate residual false 
positive signals 


> Requires and materials compatibility & fouling mitigation features 
———____—_ ?®?®KRR@R@D@hR/lOOl——" Aerospace 


Managing the Environment 





Oil Vapors & Ultrafine Particles (aerosols) can: 


¢ Coat the surfaces of sensors 
¢ Affect accuracy 
¢ Affect Life 
e ‘Stick’ to other surfaces 
¢ Generate false positives 





Sampling from cabin: background level is strongly correlated with cabin temperature 
0 36 











: : -1000 34 
Aircraft background levels are variable soon 
ngs r 32 
and can generate false positives. F -2000 oe 
Increasing | 2 -4o00 a g Increasing 
¢ High background levels impacted by ee 8 ses Tempers ee 
x 26 a 
- Aircraft age 2 om é 
-7000 ” 
¢ Temperature _ | i Dj 22 
¢ ECS state -9000 - 20 
1:55 2:24 2:52 3:21 3:50 4:19 4:48 5:16 5:45 6:14 6:43 7:12 7:40 8:09 8:38 9:07 9:36 10:0410:33 
Time 


White = APU off. Blue = APU on. Beige: simulated de-icing fluid contamination. 
Pink #1: simulated new BP2389 contamination. Pink #2: simulated used BP2389 contamination. 


7 . Aerospace 
© Copyright 2019. Pall Corporation. ® 








Sensor Evolution 


$A © Prose 


Validating Laboratory and Aircraft Test Data 








me 2 a ; : G.@ ay an : | J fad : ; 
—— ~ We ae (aging ¢ Developing tests to compare laboratory challenges with 
ta, = ASL __ apart Ne ee | actual aircraft environments 
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Measuring sensor performance in 
the laboratory 





¢ Measuring performance on aircraft while passing contaminants 
through the ECS 


¢ Comparing CAQS responses to human olfaction 


© Copyright 2019. Pall Corporation. © 


Constant Validation of Sensor Design Upgrades 









@® Oil and de-icing fluid are injected into APU inlet and 
passed through the ECS 


Mixture: Used oil/DI 
| 
Full Heat 


Background levels are measured during the trial 
L730 13:53:20 15;16:40 "6-40 


@ Event Detection Algorithm identifies increases in 
contaminant events 


o Performance improved when sampling from ECS 
duct 


11:08:40 12-0 13:53:20 15-1640 16-40 18:03'20 19:26:40 20-50 
i -., a. 


Events 


ana 
p= J 


@® Classification Matrix identifies the contaminant by fluid 
type 


= 


wse+—h— = SEE 


o 100% Recognition Accuracy of injected challenges 





© Copyright 2019. Pall Corporation. ® 


The Cabin Air Environment & Measurement Location 





@ Cabins are a large source of VOCs, from people, food, 


luggage, cleaning agents, carpets, seats, plastics, etc. 
o High background levels are measured with ESC off 


@ ECS supplies clean air to the cabin, except during upset 


conditions: 
o System/Mechanical fault introducing aircraft fluids in bleed air 
o Polluted outside air at intake 
o Faulty de-icing procedures 
o Fouled ECS (packs, ducts) 
@ CAQS measures contaminant levels in ECS-supplied air 


o Accelerates detection of upset conditions 





o Shields sensor from the chemically “noisy” cabin 


eo | Aerospace 
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Aircraft Ground Bleed Air Test & Functional Flight Check 





by 
| A + 4 | | =. Right bleed thru right pack & left 
if] | | | | ; | | bleed thru left pack, max heat --2000 
Increasing 00 | CSS | an 
b ackg round eee | \ | | testy | | Left bleed, left pack, normal heat , i 
level é . \ | | | Right bleed, left pack, normal heat ee 
| | ! | | |) Packs off 
| | if ~-3500 
| | Left pack, max heat 
| ! = =4000 
| Right pack, max heat 
| ==4500 
Both packs on, normal heat 
, ~-5000 
Packs off, recirc on, sampling from ECS duct outlet 
==5500 
“Packs off, recirc on, sampling from cabin 


L I I i] I | 1 1 I I i] I I »7-6000 
550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 12501290 
Measurement Index 
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CAQS Mark 1 — Launch MVP 


| oe Aerospace 


CAQS MK1 Production Version 
$i 





@® Dimensions: 250 mm x 210 mm x 90mm 
® Weight: 4.5kg 


® Mounting : sensor supplied with tapped holes and 


installation kit 


@® Powered by aircraft electrical supply 


o 28VDC, 35W 


@® Data saved with time-date stamp 





® Data transmitted over WiFi to standard devices 
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Launch Performance 


| 


Detection accuracy 





¢ Achieving 100% accuracy (true positive rate) in the laboratory 
¢ Assessing on-aircraft performance in ground & flight tests 
¢ Will assess & optimize service accuracy using in-service performance data 


Monitoring “normal” aircraft background levels 
¢ Initial release will record increasing & decreasing chemical background levels 
¢ With in-service performance data we may learn to predict impending issues from 
changes in background levels 
Lifetime, Maintenance & Calibration 
¢ Will be assessed during the early MK1 release 
¢ Will enable Pall to implement a support strategy 
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User Interface 





t 





HB ACS > Settin 
€ 


CSC © bocaihost:3000/settings.ntm 


gs x  @& Supplier Equipment Specification x + 


hh | 


Trends Events 


Settings 
Aircraft tail number: 
G-ZZ2Z 
Location: 
Cabin Front vy 
System time (UTC): 


13:21:49 11/01/2018 





Cancel 





Aerospace 


About this equipment 
System status: 

normal operation 

Diagnostic code: 

N/A 

Serial number: 

00001 

Firmware version: 

0001 


Update firmware 
Change password 


Log out 





G-ZZZZ 


CAQS-00001 Cabin Front 





axgte CO 
co 














® Accessible by laptop or tablet through WIFI 
® Data downloadable as csv 


® Search criteria on file: 
o Serial number, aircraft type and number, data and time 


er Xe smeleleey Si) <2 
MES Tall c-ve 


TTP-Guest 
MSS-Yal] gfe! 


Network & Internet settings 


Change settings, such as making a connection metered. 


G P all () 
Mobile 
hotspot 


TTP-Corporate Flight mode Mobile 





16:21 
a 


meat % 
13/11/2018 
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Permanent Aircraft Installation 





OEM and airline support to determine optimal location 


Access through Avionics hatch 





(PALL) Aerospace 
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Schedule and Launch Plan 
ae 2 


® 10 early-release CAQS MK1 available Q1 2020 





® 3 to 6 month initial installation and FOC replacement 
o Assessment of: 
¢ Performance 
¢ Life 
¢ Reliability 
o Optimize algorithms using in-service data 


o Upload software upgrades 


® Continuing CAQS MK1 Production & Release 
o 24 batch Q2, 2020 
o 3% batch Q3, 2020 
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Pall Corporation 


Pall Aerospace 


Filtration. Separation. Solution.sm 
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3. Challenges on Cabin Odor Events 
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Dealing with a Cabin Odor Event 


oil 


How to identify the Contamination Source? =... age ee = eee | * = 





COS Report . gon ae ey = 
ECS Decontamination a 


Test and Release to Service 
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1. Pneumatic and Air laa | lil 


Layout 


Z ms bo six OTHE in She aircralt 

















v__ The air is provided to cabin with a possibility of adding hot air if required 











Recirculation Recircolathon 
er fan and filter 


v Mixer Unit receive fresh air from the packs and the recirculation air from cabin 


ait co 





¥ Air Conditioning Packs are responsible to dehumidify and reduce the air temperature 


Hat 1 

pres att “SL 
ul tion pac cl 

pop 


Vv Part of the regulated air is provided to the Air Conditioning Packs 


v The air is regulated in pressure and temperature by the pneumatic system 


Vv Air is bled from Engines or APU in flight 


Oo Check valve 
fo Ric cuilaiiime valve 
= Shut-off valve 





Source: Airbus Fast 19 | a 


1. Pneumatic and Air Conditioning System 


Air Conditioning Pack 


«¢ Apply a visual inspection for oil traces 
and oll smell on pack components 


“* High complexity to understand the 
affected contaminated components 





COLDAIR ee 
OUT 


AOG — Aircraft On Ground 


If contaminated, a complete pack replacement could take 1 day per each Air Conditioning Pack 





2. Cabin Air Quality Troubleshooting 


Causes of Cabin Odors 


EXTERNAL Causes 
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Cleaning agent residues 


—————— 


2. Cabin Air Quality Troubleshooting 


Causes of Cabin Odors 


INTERNAL Causes 
























































Toilet fluid spillage, leakage and also unapproved 
mixing of different disinfectant fluids in the toilet. 








Damaged ea or components 





Spillages within cargo compartments 


APU or Engine oil leaks into the bleed system that leads to ECS contamination are 





2. Cabin Air Quality Troubleshooting 


Dealing with a Cabin Odor Event 


First Step — How to identify the Contamination Source? 
¢ Analyze the Cabin Odor Sheet 


¢ Identify the contamination source 


second Step — ECS Decontamination 
¢ ECS Decontamination if applicable 
¢ Replace the Engine or APU if applicable 


Third Step — Test and Release to Service 
¢ Test the ECS on ground for any odor at cabin 
¢ Put the Aircraft back in service for flight 





2. Cabin Air Quality Troubleshooting 
How to identify the Contamination Source’? 

o COS report 

o Visual and inspection for odor on APU and Engines for oil leakage 
o ERU (Engine Run Up) to identify the correct source of odors 

o Flight Crew co-operation on troubleshooting (if possible) 


© MMEL for troubleshooting proposes (i.e. bleed OFF or ECS OFF) 





co Aerotracer (equipment to measure the type of contamination) 


o MMEL dispatch for later corrective actions when people, components and slot are not available. 


Difficulty to identify the exact source of contamination 





2. Cabin Air Quality Troubleshootinc 


COS Report FP ees 


TROUBLE SST 





TAP ME - A320F COS Reporting Sheet 


“CABIN ODOR 
SHEET MUST BE FILLED IM PROPERLY BY THE FLIGHT CREW 
DATE AAG Ah FLT _ CAPT. 


DURING FLESHT, WHEN TIME AVAILABLE AND IF POSSIBLE, TRY TO FIND THE ROOT CAUSE OF CABIN O0OR 


Importance of COS report filled by Flight Crew OR SMOKE (ENGINES, PU, GALLEY OR CABN EOUUPMENT 


AIRCRAFT INFOVCONFIGURATION : 
TIME EVENT STARTED | START METHOD: APU BLEED | | AIR STARTER UNIT | 


WAS GND.AIR OR A’C PACKS USED ATTHE GATE? {[GND.AIR| [AAC PACKS) [NEITHER | 
FLIGHT FASE: [ GATE | [ TAXI ie enT | CRUE DESCENT | 
ENGINE PWR LEVEL CHANGES [ YES _ oO LE.: TOP OF DESCENT 


Includes: 


APU BLEED YES | Hd 


| | 
Pre {| Ig ht ISOLATION VALVE (CROSS BLEED VALVE) [OPEN | [CLOSED | 


= — Aircraft Configuration cee Co) frauen 
Time of Event BLEED #1 OH | OFF | BLEED w2 

= Pneumatic/Bleed Configuration — a war 

" Air Conditioning Configuration i 

: GENERAL CREW COMMENTS: 


Description/Type of the Odor 


2. Cabin Air Quality Troubleshooting 
APU as Contamination Source 






F pecific Boroscope 
Inspection on APU 





Lo, Le. oe Inspection and cleaning to 
\ NS Ie APU bleed duct 
MN ae. ° - a ra 
i Ue 





2. Cabin Air Quality Troubleshooting 


ECS Decontamination 





Initiate the AMM 
Decontamination 
procedures 





Assess the depth of the 
contamination into the Air 
Conditioning System 










" Components 
‘~~ | replacement and bleed 
ducts cleaning 


High complexity and time to perform the recommended AMM task for 
Decontamination of the ECS 


ee 





2. Cabin Air Quality Troubleshooting 


Test and Release to Service 


TEST 
> Engine Run Up/APU on Ground 


> Different Bleed and Pack configuration for smell identification at Cabin 





RELEASE TO SERVICE 


> No smell identification 
> Put the Aircraft back in-service operation for flight 


FP TAP PORTUGAL 


Shect fFolha) 


MAINTENANCE RELEASE (Declaracao de Aptidao para o Voo) 





C] Check here in case of test flight (Assinalar ac 
AIRCRAFT (Aeronave) 
MANUFACTURER (fabricante) 


AIRBUS A330-941 


SERIAL NO. (N" de Série) NATIONALITY & REGISTRATION MARKS 


Cie nali fade é€ Matricul, v | 





01897 PORTUGUESA CS-TUE 
FLIGHT HOURS SINCE NEW (Tora! de Horas de vo CYCLES SINCE NEW ¢ ‘iclos 
729:43 91 


CUSTOMER/OPERATOR (Cliente/Operador) 


r. , ou 
etal dae Cucl 
iofai de i 








| 
| NAME (Nonre) ADDRESS /(M/ 


forada) 
TAP PORTUGAL AEROPORTO DE LISBOA 


THE AIRCRAFT ABOVE IDENTIFIED WAS INSPECTED AND REPAIRED OR MODIFIED, EXCEPT 
AS OTHERWISE SPECIFIED, IN ACCORDANCE WITH PART 145 AND, IN RESPECT TO THE 
WORK PERFORMED, IS CONSIDERED READY FOR RELEASE TO SERVICE. (A aeronave acima 


eign y 
vitipicade 





, roo , - , 
ide 2 foi inspeccionada e reparada ou modificac xceplo se de outra forma es} ado, de acordo 
coma PARTE !45 e, relativamente aos traball _€c siderada aprov ada para servico) 


DESCRIPTION OF WORK PERFORMED (Descricdo do trabalho efectuada): 
Al. Check; EO'’s, RTR's and NR°‘s. 


PERTINENT DETAILS OF THE REPAIR ARE ON FILE AT THIS MAINTENANCE ORGANIZATION 
UNDER EVENT No. (O processo documental com os detalhes dos trabalhos efectuados cncontra-se 
arquivado nesta Organizagjo de Manutencdo, sob o n® do evento): AV 103639 
FOR SPECIAL REMARKS, INCLUDING DEFERRED ITEMS SEE sy _ ATTACHED SHEETS, TO THIS 
ORIGINAL CERTIPICATE 
iso speciais ent gue & emitida esta declaragao, incluidos Z feridas, estao indicadas nas folhas anexas 
saat) 


IATE (Data): 20 de agosto de 2019 


SIGNATURE AND PRINTED NAME OF AUTHORISED PERSON BY QUALITY ASSURANCE 
DEPARTMENT: 


(Assinatura g nome legivel de uma pesso 


_ 


mae | 
~ ts if ° /¥3 Z Z /¢ 


TP wero 


Maintemance & Neer ing 
Quality Assurance Department 
P.O. Box 50194 

704-801 LISBOA - Poctugal 
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3. Challenges on Cabin Odor Events 








endl 
| ODOR IDENTIFICATION IS a" 
as HIGHLY SUBJECTIVE | 
—_ ODOR ROOT CAUSE ANALYSIS 
IS A TIME-CONSUMING PROCESS 
eee! EVIDENCE FOUND IN INSPECTED 
COMPONENTS CAN LEAD TO 
/ SEVERAL INTERPRETATIONS 

















Our vision 
LEANER and FASTER 
troubleshooting for 
an air FREE of 
contaminants 
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AIRCRAFT CABIN AIR 
Intonmahenal Loenleroned 2014 


Respiratory disease caused by 
Aerotoxic Syndrome 


J. Roig, MD, PhD, FCCP 


DR.JORDI ROIG Pulmonary Department 
NEUMOLOGO 





Clinica Creu Blanca 


www.drjordiroig.com 


Barcelona 


CreuBlanca” 















-Direct effect on 
medulla/hindbrain 
-Decreased respiratory drive 
-Glial cell inflammation 


-Decreased phrenic nerve activity 
and therefore 
-Decreased diaphragm contraction 


-Nausea and vomiting 
-Stimulation of muscarinic 
cholinergic receptors can 
increase gastric acid secretion 
and risk of aspiration 


-Muscarinic cholinergic stimulation 
leading to bronchospasm and 
bronchorrhaea 
-Possible increased risk of pneumonia 
secondary to cholinergic disruption 
of immune function 





-Overstimulation of the 
skeletal neuromuscular 
junction causes fascic- 
ulation and paralysis 


-Increased risk of 
pancreatitis and ARDS 


-Increased alveolar fluid and increased 
pulmonary capillary permeability 
-Alveolar haemorrhage 

-Increased alveolar protein, 
neutrophils and inflam- 

matory cytokines 





Hulse EJ. Respiratory Complications of Organophosphorus Nerve Agent and Insecticide Poisoning. Implications for Respiratory and 
Critical Care. AJRCCM 2014;190:1342-54 


CASE 1 


47-year-old male international airline pilot experienced 4 episodes of 
cabin air fume events, over 2 years during flights on Airbus aircraft 


2 of them were smell episodes, the others were smoke events of 
unknown origin 


Difficulties with immediate memory recall and, occasionally, with the 
fluency of his soeech 


Last event: the pilot developed mild cough and shortness of breath 
that persisted for several weeks. 


Past history: non remarkable; no prior medication; no other 
epidemiologic hints 


CASE 1: one month later 


Severe cough, tiny whitish soutum, moderate dyspnea 


Physical exam: bilateral wheezing, O, saturation 93% (room air); 
afebrile 

Chest X-ray and CT scan: normal 

Sputum microbiology: negative 


Negative PCR test (Film Array Respiratory Panel 2) of nasopharyngeal 
secretions for 


Adenovirus, Influenza A & B virus, Parainfluenza, RSV, Rhinovirus/Enterovirus, 
Chlamydia pneumoniae, Mycoplasma pneumoniae, Bordetella pertussis, 
Metapneumovirus & Corona virus 


CASE 1 


¢ Spirometry: moderate airway obstruction with a strongly 
positive bronchodilator test. Diffusion capacity for carbon 
monoxide (D,-¢) was normal 


¢ Steroids, leukotriene inhibitors, inhaled long acting muscarinic 
agents (LAMA) and long acting beta-adrenergic agents (LABA) 
were prescribed 


¢ Respiratory symptoms slowly subsided during the following 6 
months; but neurologic complaints even worsened 


¢ At 3-month follow-up a diagnosis of Reactive Airway 
Dysfunction Syndrome (RADS) related to Aerotoxic Syndrome 
was done 


Pulmonary Function Test 
TLC, L 

RV, L 

FVC, L 

FEV1, L 

FEV1/FVC 

FEF,.5., L 


Dico, ML/min/mm Hg 


Actual 


7.47 


2.82 


5.09 


2.45 


48 


0.94 


25.8 


% Predicted 


91 


111 


101 


63 


63 


25 


82 


CASE 1: long-term follow-up 


¢ Pain radiating down his arms and slight numbness and tingling 
in fingers 


¢ Formal neurological examination: normal 


¢ Blood tests: normal 
¢ Negative immunological studies (ACE, RF, ANA, ANCA) 


e MRI examination and EMG: normal 


¢ Neuronal injury : 
¢ Highly positive tests for autoantibodies against myelin basic protein (MBO), 
neurofilament proteins (NFP), microtubule associated tau proteins, tubulin, MBP 
and microtubule associated protein-2 (MAP-2) 


¢ Astrocytic markers brain injury: highly increased levels for autoantibodies against 
glial fibrillary acidic protein (GFAP) and glial calcium-binding protein S-100B 


Reactive Airways Dysfunction Syndrome (RADS) 


v Respiratory symptoms after exposure to irritant fume, vapor... 
° Cough, wheezing, shortness of breath, chest tightness 


Y Onset < 24 hours of exposure + at least 3 months 
¥ Documented absence of previous respiratory complaints 
¥ Pulmonary function tests: Bronchial hyperreactivity 


Y Single inhalation of a high concentration or irritating 
chemicals generated as aerosol or high levels of particulates 
but... 
































— 





Banauch Gl et a/. Persistent hyperreactivity and reactive 
airway dysfunction in firefighters at the World Trade Center. 


Am J Respir Crit Care Med 2003; 168: 54-62 


RADS does not require a clinically severe inhalation injury 
necessitating medical care 






fa DR.JORDI ROIG 


WTC 11 September 2001 afer —— — —)@oo 











Low dose RADS & Low Intensity Chronic Exposure 
Dysfunction Syndrome 


v Related to “ irritant-induced asthma” 

¥ Multiple exposures to low concentrations of irritants 

v Intensity of exposure is less but may be of greater duration 
Y Onset of symptoms after several hours or days 

¥ Chemical and physical nature of the irritating agent 

¥ Concentration & simultaneous multiple agents 


Vv Risk factors are incompletely characterized 


CASE 2 


34 year-old female international airline flight attendant 
exposed to a few, repetitive smell oil odors in the cabin of an 
Airbus 320 during takeoff and landing for 2 weeks 


Past History: unremarkable. No prior medication 


Nonspecific upper respiratory tract irritation, mild but 
progressive dry cough, and some skin itching 


After a strong odor episode, she developed a skin rash 
particularly involving both ears and trunk, the cough 
worsened, and she began to complain about mild dyspnea 





CASE 2 


¢ Blood test (few days after the last episode): 
¢ Serum cholinesterase of 18 U/L (normal value < 14) 
¢ Eosinophils count: normal 

¢ Rash subsided after a course of steroid therapy but moderate 
shortness of breath and dry cough on exercise persisted 


¢ Chest x-ray performed at the onset of the disease was normal 


aS ¢ Two months after the onset physical examination was 
DR.JORDI ROIG 


NEUMOLOGO 


unremarkable; CT scan was normal 


CASE 2: follow-up 


¢Inhaled therapy (fluticasone furoate plus vilanterol} 
¢ Respiratory symptoms progressively subsided 
¢e Withdrawn after 6 months without any relapse 


¢ Recurrent anxiety and emotional 
instability 


¢ She gave up working as flight attendant 


¢ Mind — body interventions were useful 
for recovery 





Mindfulness 


Y Mental training to cultivate present moment awareness 


Y Meditation practice is the cornerstone of mindfulness 


Y Non pharmacological approach to 
psychological symptoms related to 
illness such as anxiety, depression, self 
blame, catastrophic interpretations... 





Y Mind & body have been useful in many respiratory conditions 


The effect of mindfulness meditation on cough reflex sensitivity 


change in cough threshold 
(number of doubling concentrations) 


p=0.043 


Control 


p=0.002 


Mindful 


p=0.052 





Suppress 


Changes in cough reflex sensitivity 
to citric acid in healthy volunteers 
for the control, mindfulness 
intervention and voluntary cough 
suppression groups. Horizontal lines 
represent median values and error 
bars represent the interquartile 
range. 


NEUMOLOGO 


Young EC. Thorax 2017 A 


CASE 3 


56-year-old woman, international airline pilot, presented with symptoms 
of a long-term, unbearable, dry cough + upper respiratory tract irritation, 
related to exposure to a variety of environmental substances or odors 


Recurrent headaches, relapsing inflammation of eyelids, pains in her legs 
and shoulders, weakness, and tingling of her fingertips 


Onset of symptoms 9 years previously soon after a fume event on an 
Airbus A319 


4 passengers also required medical assistance because of nausea and 
shortness of breath 


Physical Exam: 


CASE 3 
> low BMI 


¢ skin abnormalities and eyelids irritation 


¢ dry cough on deep breathing; O, saturation 96% (room air) 

Neurological evaluation: unremarkable 

Blood tests: normal. Increase in myelin associated glycoprotein (MAG) 
Previous chest X rays were reported to be normal 

Spirometric values normal but significant bronchodilator response 


Dicg normal. Interestingly, the breathing of gas mixture (helium) used to 
perform the diffusion test induced a severe cough episode 


CASE 3 


A diagnosis of multiple chemical sensitivity and bronchial 
hyperreactivity related to Aerotoxic Syndrome was done 


Cough improved with daily inhaled therapy with fluticasone 
furoate plus vilanterol 


Non- respiratory symptoms persisted on long-term follow-up 


The patient had been forced many years before to cease flying 
with obvious negative psychological connotations 


Multiple Chemical Sensitivity 


Idiopathic environmental intolerance (IEI} 


Y Nonspecific symptoms when exposed to low levels of 
chemicals, biologic or physical agents 


Y Medical societies scepticism: psychiatric disorder? 

Y No consistent objective diagnostic tests to define an illness... 

Y Cough is the most frequently reported respiratory symptom 

Y Psychological approach mandatory: mind & body interventions 


Y Quick Environmental Exposure & Sensitivity Inventory (QUEES| 
questionnaire): TILT test (Toxicant-induced loss of tolerance} 





nere are presently 50 UR airline pilots grounded aue to toxic air 
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ae Conclusions 


AIRCRAFT CABIN AIR 





> Respiratory symptoms rank second to neurological symptoms 


> Respiratory symptoms have been often neglected since many 
clinicians are unaware of this condition 


> Bronchial hyperresponsiveness is the hallmark of involvement 


> Some cases are consistent with RADS — Irritant induced 
asthma 


> Some cases may also be included in the spectrum of MCS / 
Idiopathic Environmental Intolerance 


—— + 
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Cabin Air Contamination — A Summary of Engineering Arguments 


Contents 


¢ Introduction 


¢ Jet Engine Technology 

¢ Aijrcraft Systems Technology 

¢ Aircraft System Design Principles 

¢ Engine Metals from the Oil into the Body 


¢ Summary (of Engineering Arguments) 


¢ Contact 
Dieter Scholz: International Aircraft 18.09.2019, Slide 2 — }- 
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Introduction 


Definition: Fume Event 
In a fume event, the cabin and/or cockpit of an aircraft is filled with fume. Air 
contamination is due to fluids such as engine oil, hydraulic fluid or anti-icing fluid. A Fume 


Event includes a Smell Event. Note: Other reasons for fume in the cabin are possible. The term "fume event", 
however, is generally used as defined here. Definition adapted from (Wikipedia 2019) 


Definition: Smell Event 

A fume event without visible fume or smoke, but with a distinct smell usually described as 
"dirty socks" from the butyric acid originating from a decomposition of the esters that are 
the base stock of the synthetic jet engine oil. 


Definition: Cabin Air Contamination Event (CACE) 

In a Cabin Air Contamination Event (CACE) the air in the cabin and/or cockpit of an 
aircraft is contaminated. Sensation of the contamination can be from vison (fume/smoke), 
olfaction (smell/odor), a combination of typical symptoms experienced by several 
passengers and/or or crew or by related measurements of CO, CO2, ozon or other 
“harmful or hazardous concentrations of gases or vapours" (CS-25.831). 
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2019-08-22: Hawaiian Airlines, A321neo 
Emergency Landing and Evacuation; Smoke on Board 


Oakland to Honolulu, Flight HA47, A321neo, N218HA 
21:13: Top of Descent: Smoke starts to fill cabin i.e. when thrust setting changed. 


aa 


SPEED & ALTITUDE GRAPH 


— SED — ALTITUDE 


no oxygen masks 


40,000 ft 





30,000 ft 


Thursday Aug 22, 21:13:07 
» Speed: 443 kt 














am _ _llbhesestsuis ene | Altitude: 34.000 ft [ig 
21:16: Pilots received a fire warning 
from the cargo compartment and 10,000 ft 
declared an in-flight emergency. | 
21:36: Landing. After landing there was | = 20:30 


based on Flight Radar 24 


"no visible evidence of fire, no visible 
flames" said Snook. "We have since 
determined that a seal failed in the 
aircraft's left engine” said Da Silva. 


Direct (emergency) venting 
with ram air (independently of 
bleed air) is possible below 
10000 ft, but was not used. 








guarded pushbutton 
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Jet Engine Technology 


Engine Overview 
Engine Alliance GP7000 
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(Assuntos Militares 2013) 
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Jet Engine Technology 
Engine Bearings 


SPINNER 
CONE 


WIDE-CHORD- 
BLADE 
(x24) 





Rolls-Royce Trent 1000 
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TURBINE 
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HP 
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LP — 
COMPRESSOR (FAN : i STR, . - LP, ROTORS: 
(1 a ) | i eg COUNTER CLOCKWISE 
AspeEDOFLPROTOR EN? | BALL BEARING (x3) : Ee Bata scr nee 
LOCATION BEARING 
SPEED OF IP F ROTOR : N2 RADIAL AND AXIAL LOADS ROLLER BEARING (x5) 
(*) INTERSHAFT BEARING RADIAL LOADS ONLY 7 
(Ademiyi 2015 ) 
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Jet Engine Technology 


Lubrication and Sealing of Engine Bearings 


Oil In Tike to Deoiler 
(oil with air) 


i ———— = [ise Normal operation of 






Air Seal 


ws a engine seals: 
ar J oe ei Be oo 
nina | ) : . en 4 ls 1. The "drain 
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~ is Tis Picininiie Peni — Engines leak small 
amounts of oil by 
Based on (Exxon 2017b) design! 
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Engine Air and Oil System 


Quotes from: Exxon Mobile (201 7a): 
‘Jet Engine Oil System — Overview” 
with remarks: 


"The scavenged oil flow is slightly lower 
than the supply flow due to normal oil 
consumption through the deoiler, oil seals, 
and oil leaks." (Remark: Oj! escapes also 
from the seals) 

"Therefore, a large amount of air is carried 
by the scavenge oil and must be removed 
through a de-aerator when entering the 
tank." (Remark: Seals do not seal but allow 
large amounts of air to enter the seals. If 
pressure in the compressor is low compared 
to pressure in the oil system i.e. low Ap, oil 
can escape from the seals. ) 
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Jet Engine Technology 


De-aerator — Separating Air and Oil Air Vent (Air with some oll) 






Pedestal 
Gap 





(Hehir 2016) 


¢ Air leaving the de-aerator still contains some oil (somtimes visible on the engine as white smoke). 

¢ Amount of oil depends on the oil separating efficiency of the de-aerator. 

¢ Oil leaving de-aerator determines (almost exclusively) the oil consumption of the engine. 

¢ Ojl leaving through engine seals Is only a very small portion x of the engine's oil consumption (1%7). 

¢ Hence: Oil entering cabin depends more on this portion x then on the absolute engine oil consumption! 


Oil Vent 
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Jet Engine Technology 


Engines Longer on Wing 
Labyrinth-Seal Clearances Increase as Engines Age 


“Labyrinth-seal clearances naturally increase as an engine ages. As this occurs — due to 
rubbing under vibration, gyroscopic torque, rough landings or any g-load factor, the 
engine air flow increases, resulting in even higher oil consumption" (Exxon 2016a) and 


hence leakage Into the bleed alr. CFM56-7B time to first shop visit (years) 


11.00 - 


The figure shows increasing time to first 


shop visit of CFM56-7B engines. It follows: 9,00 
During a period of 10 years (2004 to 2014) | 
maintenance practice changed such that 2 500 


engines stay on the wing almost twice as 
long without shop visit and_ seal 
replacement. iseba 


$00 - 


— 


2004 
2005 | 
2006 | 
2007 | 
2008 
2009 
2010 
2011 | 
2012 
2013 
2014 


Source: FDM TOW data CFM56-7B (AviationWeek 2016) 
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Aircraft Systems Technology 
, B/37 
Bleed Air Ducts 


Potential Sinks for Oil Contamination 
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Aircraft Systems Technology 
Cabin Air Ducts 


Potential Sinks for Oil Contamination 


A320 
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Aircraft Systems Technology 
Cabin Air Ducts 


Insufficient / Impossible Duct Cleaning 


In the case of heavy contamination, this being assumed 


when there are visible traces of oil on the internal surface of the ducts, it is necessary to 
EOD STG eM ISIO EG Mat 6s C1 OM OR Ue TAN TEA) OULLaCe OF WIG CUCIS, 


manually clean the affected ducts using rags and an appropriate degreasing agent. 





(Airbus 2013) 


Aircraft released back into service over night 
after an (oil based) CACE 


are not cleaned as instructed by Airbus, because 


¢ ducts cannot be removed from behind the panels in this short time, 


¢ the inside of ducts is not accessible in the first place. 
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Aircraft Systems Technology 


How Do We Know about Oil in the Cabin? 


Oil has left traces on its way from the engine to the cabin interior: 

1. Oil traces in bleed air ducts 

2. Oil traces in air conditioning ducts 

3. Ojl traces in recirculation filters 

4. Ojl traces on cabin surfaces (wall panels, seats, ...) 

9. Hydro carbron concentrations in the cabin can be calculated and agree with measurements 


Evidence collected in Scholz 2017a and Scholz 2017b summarized here: 
j ~ ! : : ‘ 





1. (GCAQE 2017) 2. (CAA 2004) 3. (Eckels 2014) 4. (Lamb 2012, Solbu 2011) 
Mo; M,j1 X ru X seq 
5. (Scholz 2017a) SACL Le DIEZ ZL aL 
V cab Dane Neng Mer a(hcr) PCR 
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Aircraft Systems Technology 


Primary and Secondary Cabin Air Contamination Events (CACE) 


Engine / APU Bleed air system / ECS / Ducts 


ee ee 


Bleed air system / ECS / Ducts 





Primary CACE 





Bleed air system / ECS / Ducts 


Secondary CACE 
(not understood today) 





¢ normal leakage 


¢ seal failure ¢ mechanical stress? 
i ; Based on EASA 2017b 
Rene een SIUn <, neg. Ap in bearing chamber ¢ thermal stress? 
¢ transients ¢ solvents (water, de-icing fluid, ...)? 
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Dynamic Cabin Air Contamination Calculation Theory 
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It takes about 20 minutes for a discrete 
cabin air contamination event (CACE) 


to be washed out by the air 
conditioning system ("thinning effect"). 
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Aircraft System Design Principles 


Interpretation of CS-25.1309 with respect to Bleed Air from Jet Engines 


CS-25 (AMC 1309, 6. Background, b. Fail-Safe Design Concept) 


The CS-25 airworthiness standards are based on ... the fail-safe design concept... 
(2) The fail-safe design concept uses the following design principles: 


(i) Designed Integrity and Quality including Life Limits, to ensure intended function and prevent failures. 

(v) Failure Warning or Indication to provide detection. 

(xi) Error-Tolerance that considers adverse effects of foreseeable errors during the aeroplane's design, test, 
manufacture, operation, and maintenance. 





¢ The probability of CACEs must not be compared with the CS-25.1309 
effect-probability relationship of CS-25.1309 which is Effect-Probability Relationship 
for statistical errors. 7 
Effect Probability 
, ee Minor < 10° 1/ FH 
¢ Errors of the bleed air-based air conditioning system are well known, Major < 105 41/ FH 
permanent and non-statistical. Hazardous < 10-7 1/ FH 





Catastrophic < 10° 1/ FH 


¢ The system's error-tolerance (e.g.: two pilots, autopilot, cockpit 
crew oxygen masks) is compromized, if it has to cope with already 
known design errors that are not rectified out of negligence. 


¢ In case of bleed air used for cabin ventilation: Known problems need to be rectified! 
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Aircraft System Design Principles 


Engineering Design Principles for Air Conditioning 
from SAE 





SAE AIR 1168-7: Aerospace Pressurization System Design . 
(first edition: 1991, Ain 2011) INTERNATIONAL« 


“Compressor bleed from turbine engines is attractive because of the 
mechanical simplicity of the system.” However, “oil contamination ... can 
occur in using compressor bleed air from the main engines.” “Popular 
Opinion regarding the risk of obtaining contaminated air from the engine 
may preclude its use for transport aircraft, regardless of other 
reasons.” 
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Engine Metals from the Oil into the Body 
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Engine Metals from the Oil into the Body 


Used Oil Analysis for Metal Particles 


¢ Spectrometric Oil Analysis Program (SOAP) is an analysis of metal particles in the oil. 

¢ SOAP can be combined with oil filter inspection and magnetic chip detector inspection which 
identifies larger metal particles. 

¢ Amonitor program helps to identify the condition of the engine: 

¢ Catastropic failure of mechanical parts usually generate larger metal particles that can be 
analysed in magnetic chip detectors. 

¢ Slow progressing damage to gears, bearings and spinning bearing races in the engine case is 
identified with SOAP. Wear particle size is between 1 um and 5 um. 

¢ Normal wear can produce even smaller particles (nano particles). 

¢ The most important wear metal in the evaluation is iron followed by chromium — both are present 
in bearings. If the engine case is titanium, increased titanium levels indicate a spinning bearing 
outer race. 

¢ Larger metal particles will stay in the engine. 





Partially based on Exxon 2016b 
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Engine Metals from the Oil into the Body 
Metal Particles in Human Fatty Tissue (Gatti 2019, report written for client) 





FE (iron) 


Fe 


CR (chromium) 


110) gam =1(=1014K0) aman} (ei ge)-sexe) 01-) 





Analysis 8 of Table |. High-magnification image (1228x) and EDS spectrum of 10-micron 
and 1-micron brighter-looking particles composed of Carbon, Iron, Chromium and Oxygen: 


a stainless-steel composition. EDS: Energy-Dispersive X-ray Spectroscopy. 
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Cabin Air Contamination — A Summary of Engineering Arguments 


Summary (1) 


There is a problem with aircraft air conditioning systems based on bleed air. The evidence: 


¢ Engine bearing seals leak small amounts of oil by design and more so in failure cases. 
¢ Engines are longer under the wing. Therefore seals are worn out more and leak more. 


¢ Oil residue found in bleed ducts, air conditioning ducts, recirculation filters and on cabin 
Surfaces. 


¢ Hydro carbron concentrations in the cabin can be calculated and agree with measurements. 

¢ Hydro carbons are about two-fold in standard pax A/C cabins compared to B/8/. 

¢ "dirty socks smell" comes from the base stock of the oil. This smell is an indication for oil 
products in the cabin. 


¢ Chemicals and certain metals that are common in the workplace are found in employee's. 
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Cabin Air Contamination — A Summary of Engineering Arguments 


Summary (2) 


There is a "thinning effect" that reduces the contamination concentration, but 
concentration depends also on the source strength and duration. Accordingly, examples 
show the cabin constantly full of oil smoke. 


¢ ECS uses bleed air. This design should not be used (SAE). 
Certification rules are violated. 


An aircraft once contaminated with oil cannot be cleaned. Ducts and components would 
need to be replaced. 


Instead of applying a cautionary proactive attitude, those responsible use too much effort 
to play things down. We need a change of attitude to the cabin air problem! We need to 
get back to aviations proven principle of caution and safety first. 
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Cabin Air Contamination — A Summary of Engineering Arguments 


Contact 
info@ProfScholz.de 
http://www.ProfScholz.de 
http://CabinAir.ProfScholz.de 
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Cabin Air Contamination — A Summary of Engineering Arguments 
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A GP's Perspective 
OT 
Fume Incidents Over 20 Years 


Dr Moira Somers 


Aircraft Cabin Air Conference 2019 


| will reflect brieflyon 4 areas 


¢ My experience with over 38 flight crew 
¢ Dr John Snow and Cholera 
¢ The Asbestos Story and 


¢ My experience with workers from the Alcoa Wagerup Refinery 


Figure 1: Frequency of Symptoms recorded for 36 Air Crew 
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¢Consistent history across aircrew 


¢Consistent history across aircrew 


¢Fume incidents often consistent with technical logs 


¢Consistent history across aircrew 


¢Fume incidents often consistent with technical logs 


¢Same aircraft frequently reported as having fume 
incidents 


¢Consistent history across aircrew 
¢Fume incidents often consistent with technical logs 


¢Same aircraft frequently reported as having fume 
incidents 


¢Continuum of exposure 


Alternate Diagnoses 


¢ Infection ¢ Mass Psychogenic Illness 
¢ Primary anxiety disorder e “Allin the Head” 

¢ Hyperventilation e ‘Just flying” 

¢ PTSD e Stress 

¢ Depression ¢ Bronchitis 

¢ Dehydration ¢ Viral illness 

¢ Gastro-Oesophageal ¢ No diagnosis - fit to fly 


Reflux Disease ¢ Somatoform disorder 


Dr John Snow and Cholera 


Dr 


Jonn Snow and Cholera 


Detailed history is most important 

Just because we don’t understand the exact 
mechanism orhave the appropriate tests doesn't 
mean the condition isn’t real or cause serious harm. 


Simple measures can be instituted to prevent harm. 


In time Medicine will gain understanding. All disease 
is subject to advancing knowledge. 


Asbestos 


Asbestos 


¢ First diagnosis Asbestosis early 1920's 


¢ Dr Eric Saint — warning to Government WA re 
Wittenoom in 1948 


¢ First legal cases 1970’s not successful 


¢ Corporate Veil pierced — CSR held accountable 


Alcoa Wagerup Refinery 


Alcoa Wagerup Refinery 


¢ Demonstration Corporate Responsibility 


¢ Zeigarnik effect 


Reflection Points 


Barriers to GPs: 
e Time 
¢ Knowledge 


¢ Reluctance to be involved in medicolegal 
issues 


Reflection Points 


Barriers to Aircrew: 


Lack of information 

No exposure plan 

Lack of support 

No disease status for Aero Toxic Syndrome 
Multiple Emergency Departments 

Fear of job loss/worker’s compensation 
Multiple inconsistent diagnoses 

No dedicated protocol for assessment 


Possible change 


Symptoms surveys prior to and post flight — epidemiological 
studies 


Information at induction 

Exposure plan 

Assessment/diagnosis/treatment protocols 
Specimens collections for biomarkers/genetic studies 


Corporate/workforce/research/medical collaboration 
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PUREcabin Concept 
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PALL Clean Air 
Technology 
(PALL CAT) 


Contaminant 
Sensing and 
Informing (CS/) 






Fresh Air : Advanced Cabin Air 
Mist and VOC j Cabin Air Filter Bleed Air i 
Eliminators (ACAF) for Sensor (BAS) Rape 
(MaVE) Recirculation 


Cockpit Filter . ; 
Unit (CFU) ~ 4 


Cabin air quality control through advanced filtration and sensing. 
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How we Finished the 201 7 Conference 
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Project Timeline 
So 





2010 2014 yA0h Fe) 2016 2017 2018 2020 


¢_ _§,  ONEEO™NNOO0010:Om=O10: 


Boeing 757 cockpit A320 A-CAF 
filter in service launched : 
> : r ‘Product launch 
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Solutions take partners: Airlines, OEMs, and Pall. 
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system Interactions 





Detailed ECS knowledge essential to incorporating additional pressure drop filtration system 
OE support on system performance and interactions critical 
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Design Evolution 








Pall Clean Air Technology (CAT) filters fresh air provided by the engines or APU before it enters the cabin. 
To date, work has focused on a solution that requires a filter to be installed directly upstream of the mixing 


chamber, with an additional high temperature filter to remove particulate and VOC from the trim air. 
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Constraints 


= ____e 


Based on a typical PAX loading and considering atmospheric conditions at a number of airports worldwide, the air temperature in this 


location will typically be at or below 32°F with large quantities of free water being produced. 
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Flow Rate / m/s 


The system has to: 

¢ Be able to manage high levels of free water and icing 

¢ Must not negatively impact the performance of other system components 
¢ Must not negatively affect the cabin heating and cooling performance 


¢ Must meet all the CS-25 certification requirements 
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Key Design Consideration 


ai oe Aerospace 


Performance Requirements 





® Integration in the aircraft (critical to field a solution) 


@® Meet the ultimate goal of reducing fume events and odors 
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Odor Events Come with Ultra-fine Particles 








Levels at measured at: 
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Particulate Filtration 








Most Penetrating Particle Size (MPPS) 
Ultrafine particulate (UFPs) —PM0.1 
- Often condensates of hydrocarbons 
- Elevated UFP levels during fume events 
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Proven Experience in VOC Removal 
a  ) 


VOC Removal Efficiency: 
Synthetic vs. Natural Carbon 100 PPM limonene 
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In-Cabin Performance Dodecane Challenge at 10 ppm Face Velocity 1.1 m/s 
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A-CAF and MaVE in Combination 





A-CAF (Advanced Cabin Air Filters) 
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Dodecane Efficiency 
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MaVE Effy with ACAF 


— —ACAF Effy without MaVE 


— ~MaVE Effy without ACAF 
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Validated Simulation Models 


VOC Levels in the Cabin 


Cabin Air Quality Simulation y 





VOC Level / ppmv 












Through numerous 
ground tests and 
simulating fume events 
we validated our 
simulation analysis tool . VOC Levels in the Cabin 
to enable optimization — 

of the VOC adsorbent. 





VOC Level / ppmv 





Time / Mins 
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Product Performance 
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Test Capability 





Replica of ECS system enables: 
@® Pressure Testing 
® VOC tests 
® Water Tests 
. 


Icing Tests 
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Key Performance Parameters 
SS 


® Integration in existing aircraft with minimum and acceptable impact 


on performance of ECS and associated equipment 


® Removal of contaminants that could be present in the fresh air supply 


before they reach the cabin or cockpit 
o Validation in the laboratory 


o In aircraft (film) 





® Service life aimed to match existing A-CAF 


o Will be confirmed through service evaluation 
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Imperial College Aircraft Cabin Air Conference 2019 


London 


Health effects of air pollution 


Terry Tetley 


National Heart and Lung Institute 
Imperial College London 


Ambient air pollution 


London smog 1952: 
Increased hospital admissions with 


>4,000 of premature deaths. 


Clean air act 1956 “solved” the problem 


TODAY - PM10, PM2.5, gases etc, 
due to urban traffic, industry, 
combustion... 


DEP: <100nm diameter; high 
particle number concentration/m? 
and /unit mass 





Imperial College 
London 


¢ PM2.5 caused 4.2 million deaths/year globally in 2015 
compared to 3.5 million in 1990: 


¢ 5 highest ranking mortality risk factor 


Deaths associated with fine ambient particulate matter (PM, .): 


¢ Cardiovascular (~48%; ischaemic heart disease and stroke), 

¢ Respiratory conditions (~35%; asthma, chronic obstructive pulmonary 
disease, cystic fibrosis). 

¢ Lung cancer (~9%) 


Particulate air pollution was classified as a carcinogenic agent by the 
International Agency for Research on Cancer (IARC) in 2013 


Imperial College 
London 


Respiratory effects of air pollution 
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Outdoor air pollution 
exposure 


Source: Pathology slides - Courtesy Prof. Saldiva, Sao Paulo, Brazil 


Healthy lungs Tobacco smoke 
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Chronic obstructive pulmonary 
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Heart rate 
variability 


Atherosclerosis 
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Respiratory effect: 


¢ Increased respiratory mortality 
¢ Increased incidence and exacerbation of chronic pulmonary 
diseases: 

asthma, chronic obstructive pulmonary disease, cystic fibrosis 
¢ Increased pulmonary infections — compromised, young and elderly 
¢ Increased symptoms: cough, phlegm, wheezing, breathlessness 
¢ Increased lung cancer 
¢ Reduced lung function/growth in childhood which affects adult 


health 


Imperial College 
London 


Health effects of air pollution 


Respiratory disease — Neurological development 


COPD, asthma, 
infection, lung cancer 


Mental health 
Neurodegenerative disorders 










Reduced lung growth 
Reduced lung function 





Cardiovascular disease — 
myocardial infarction, cardiac 
arythmia, cardiac failure 





Type 2 diabetes 

Type 1 diabetes 

Liver toxicity 

Renal disease 

Altered bone metabolism 


Accelerated aging 
Autoimmune 
rheumatic disease 





High blood pressure 
Endothelial dysfunction 
Increased blood clotting 


Premature birth 
Low birth weight 
Reduced/delayed foetal growth 
Lower sperm quality, infertility 
Preeclampsia 


Systemic inflammation 
Thrombosis 


Atherosclerosis Imperial College 
London 





Respirable PM, and PM, ; 
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Deposition and impact of inhaled PM, . and PM,, 
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Imperial College 
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Structure of the lung 





Imperial College 
London 


Oxidative stress and IL-6 mediator release from human lung 
respiratory epithelial cells following 24 hour exposure to DEP/Envirox 
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Prenatal and early life diesel exhaust exposure disrupts (brain) cortical lamina 
organization: Evidence for a reelin-regulated pathogenic pathway induced by 


interleukin-6 


Related to AUTISM SPECTRUM DISORDERS (ASD) 
Imperial College 
Chang YC et al. Brain Behav Immun. 2019 May; 78:105-115 London 


Diesel exhaust particles (DEP) activate guinea pig and 
human airway sensory nerves- involvement in cough? 


30s 


Introduction of DEP into | 
. S saline 
the airways caused oon : 


airway nerve activation in 
me nammnbiies D Ep 
tT 


a guinea pig model 


Guinea pig 


120s 


DEP caused activation of isolated 
guinea pig and human vagus 





SPECIALIST PRE-CLINICAL 
MODELS 


The organic soluble component, not 


the carbon core, caused guinea pig and =| a oe 


human afferent vagal nerve activation + + + 
Org DEP Par DEP Org DEP 
¥ Vv + 
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Depolarisation 


org-DEP par-DEP DEP 


Mechanistic link between diesel exhaust particles and . 
respiratory reflexes. Robinson et al. J Allergy Clin Immunol. 2018; Imperial College 
London 


141(3): 1074-1084 


Mechanistic link between diesel exhaust particles and respiratory reflexes. 
Robinson et al. J Allergy Clin Immunol. 2018; 141(3): 1074-1084 
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DEP: Diesel exhaust particles; TRPA1: transient receptor potential Ankyrin-1; Tat 
PAH’s: Polycyclic aromatic hydrocarbons; ROS: Reactive oxygen species. Imperial College 
‘London 


Effect of intratracheal instillation of DEP and carbon black (CB) on lung inflammation 
and pulmonary vascular platelet activation (thrombosis) in mice (4h). 


Introduce 25 Neutrophils 
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(4h) inflammation in mice U 
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Influence of inflammation and nitric oxide upon platelet aggregation 
following deposition of diesel exhaust particles in the airways. 
Smyth et al. Br J Pharmacol. 2017 Jul;174(13):2130-2139 
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OXFORD STREET II 


Respiratory and cardiovascular responses to walking down a traffic-polluted 
road compared with walking in a traffic-free area in participants aged 60 years 
and older with chronic lung (COPD) or heart disease (IHD) and age-matched 
healthy controls: a randomised, crossover study. 


Sinharay et al. Lancet 2018;391(10118):339-349 
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OXFORD STREET II STUDY 

Distribution of black carbon, nitrogen dioxide (NO,), noise, ultrafine particles, 
PM, . and PM,,concentrations, temperature, and relative humidity on the visit 
days to Oxford Street or to Hyde Park — Sinharay et al. Lancet 2018, 391:339 
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Imperial College 


Box plots with 95% Cls. PM=particulate matter. london 


**n<0-01. ***p<0-001. 


OXFORD STREET II STUDY 

Odds ratio of getting worse symptoms of cough, sputum, shortness of breath, wheeze, 
sweat, and total scores for all these symptoms at Oxford Street versus Hyde Park for 
healthy volunteers and participants with COPD or IHD — Sinharay et al. Lancet 2018, 391: 


339 
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COPD=chronic obstructive pulmonary disease. Imperial College 
IHD=ischaemic heart disease. london 


OXFORD STREET II 

Change in FEV, % of predicted value (A), and FVC % of predicted value (B) from the 
time 0 and at intervals after the start of the 2 hour walk in Oxford Street or Hyde 
Park. For healthy volunteers and participants with COPD or IHD 
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O 


FEV,=forced expiratory volume in the first second. FVC=forced vital capacity. ° C T 
*0<0:05, **p<0:01, ***p<0:001, comparing Oxford Street with Hyde Park. mperia O ege 
+p<0-05, ++p<0-01, +++p<0-001, compared with time point O. London 


Symptoms, including cough and wheeze 
increased in Oxford Street 


Reduced lung function in COPD subjects was 
related to levels of NO,, ultrafine PM,, and 
fine PM, . particles. 


Cardiovascular changes, including increased 
arterial stiffness in Oxford Street, were seen in 
healthy and COPD subjects and related to NO, 
and ultrafine particles. 


Cardiovascular medication prevented the 
effects of air pollution on (increased) arterial 


stiffness in subjects with heart disease 
Imperial College 


London 


Deposition and impact of inhaled PM, . and PM, 9, 






a) 
" (eno | Bronchial 
= ‘particles . epithelium 
5 "oe # | 





Alveolar 

6 

eee _ it < —_ igo gall 
° a. 


. a 
P epithalium . 3 
4: lining fluid © °% © © = | 
eo) << = o°® o a i ay 
lor *. o® "eo 6 ec « yo 
AD . ae 







Regional j~ 
lymph (o%, 
nodes YO 


Kidneys 


CS iP a er 
re a Immune 
“ | 5) system 
io i is ra] 
a s i 


Imperial College 
London 






po lise — Inhaled Nanoparticles 
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Miller et al. ACS Nano. 2017 
May 23; 11(5): 4542-4552 
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¢ 0.02% of inhaled nanogold (~20nm diameter) excreted in urine 
by healthy individuals after 2h exposure during exercise. 
¢ Nanogold in human and mouse atherosclerotic plaques after 4h 


exposure. 


Particles reach the interstitial tissues of the lung and can 
remain there 





Imperial College 
London 


Uptake and translocation of MWCNTs by human 
alveolar epithelium 


Alveolar epithelial type 1 cells exposed to MWCNTs 
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70-80% of 300nm CNTs (green) intracellular | 
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Imperial College 


Rueuraroengsak, Porter, Tetley 4 
London 


unpublished 


Hopping probe ion conductance microscopy of human 
respiratory alveolar epithelial cells exposed to carboxyl-modified 
and amine-modified particles for 4 hours. 
Carboxyl-modified NP (-ive) 





Ruenraroengsak et al. Respiratory epithelial cell cytotoxicity and membrane damage 
(holes) caused by amine-modified nanoparticles, Nanotoxicology 2012, 6:94-108 


Nanoparticle-induced reactive oxygen species (ROS), importance of 
surface charge and protection by antioxidant treatment. 
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PFT 2015 


Systemic impact of inhaled PM, < and PM,, 
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London 


Association between PM, . 
and constituents of PM, . 
and preterm delivery in 
California 2000-2006. 


Basu et al. Paed. Perinatal 
Epidemiology, 2017; 31:424-434 
231,637 births; 23,265 preterm births 
50% PTB were 25-34 years old 


PM2.5 data from 7 monitor sites, 
collected every 3 or 6" day 


Related to: 
Traffic and biomass combustion 


Long term exposure 


Hispanic and Asian background 


Constituent 
Total PM2.5 
NH,* 

NO, 

Br 

Elem. Carbon 


Zn 


Cl 
Na 


Na‘ 


overall % change 


+16.4 (13.5-19.5 
+21.2 (17.1-25.4) 
+18.1 (14.9-21.4) 
+16.7 (13.2-20.3) 
+10.9 (6.3-15.6} 


+14.4 (10.3-18.6) 


-8.2 (-10.3 - -6.0) 
-13.2 (-15.2 - -11.3) 
-11.9 (-14.1 - -9.6) 


-19.2 (-25.3 - -12.6) 


SUMMARY 


¢ There are significant systemic health effects 
of ambient air pollution particles 


e Size, chemistry and shape matters 


¢ Susceptibility eg age, defence mechanisms, 
genetics, existing disease all play a part 


¢ Mechanisms involved remain unclear 


Imperial College 
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Health effects of air pollution 


Strokes 
Respiratory disease — Neurological development 
COPD, asthma, Mental health 


infection, lung cancer Neurodegenerative disorders 
Reduced lung growth 


: Cardiovascular disease — 
Reduced lung function 


myocardial infarction, cardiac 
arythmia, cardiac failure 


Type 2 diabetes 

Type 1 diabetes 

Liver toxicity 

Renal disease 

Altered bone metabolism 


Accelerated aging 
Autoimmune 
rheumatic disease 


High blood pressure 
Endothelial dysfunction 
Increased blood clotting 
Systemic inflammation 
Thrombosis 


Atherosclerosis Imperial College 
London 


Premature birth 
Low birth weight 
Reduced/delayed foetal growth 
Lower sperm quality, infertility 
Preeclampsia 
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A review of the possible associations between ambient PM2.5 exposures and the 


development of Alzheimer's disease. 
Shou Y, Huang Y, Zhu X, Liu C, Hu Y, Wang H. 


Ecotoxicol Environ Saf. 2019 Jun 15;174:344-352 


Maternal exposure to fine particulate air pollution induces epithelial-to- 


mesenchymal transition resulting in postnatal pulmonary dysfunction mediated 
by transforming growth factor-B/Smad3 signaling. 


Tang W et al. Toxicol Lett. 2017;267:11-20 


Triggering Mechanisms and Inflammatory Effects of Combustion 


Exhaust Particles with Implication for Carcinogenesis. 
Dvrevik J, Refsnes M, Lag M, Brinchmann BC, Schwarze PE, Holme JA. 


Basic Clin Pharmacol Toxicol. 2017 Sep;121 Suppl 3:55-62 


Short-term effects of airport-associated ultrafine particle exposure on lung 
function and inflammation in adults with asthma. 


Habre R, Zhou H, Eckel SP, Enebish T, Fruin S, Bastain T, Rappaport E, Gilliland F. 
Environ Int. 2018 Sep;118:48-59 


Association between PM, . and PM, . Constituents and Preterm Delivery 
in California, 2000-2006. — 7 

Basu R, Pearson D, Ebisu K, Malig B. 

Paediatr Perinat Epidemiol. 2017 Sep;31(5):424-434 





Association between fertility rate reduction and pre-gestational exposure 


to ambient fine particlesin the United States, 2003-2011. 
Xue T, Zhu T. Environ Int. 2018 Dec;121(Pt 1):955-962 


Association between fertility rate reduction and pre-gestational exposure 


to ambient fine particlesin the United States, 2003-2011. 
Xue T, Zhu T. Environ Int. 2018 Dec;121(Pt 1):955-962 


Ambient fine particulate pollution associated with diabetes 


mellitus among the elderly aged 50 years and older in China. 
Yang Y, Guo Y, Qian ZM, Ruan Z, Zheng Y, Woodward A, Ai S, Howard SW, 
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The Mission of IFALPA is to promote 
the highest level of aviation safety 
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Cabin Fumes 


BACKGROUND 

For most modern commercial pet aircraft, caben air 6 taken directly from compressors in the engine compart- 
ments without filtering. Gocasionally, o@ fumes from the hot section of the engine and jor APU leak into this 
4ir, resulting if whal is known a¢ a fume évent. This fact had been recognized by regulatory authorities, salety 
agendes, scientist, aifines, occupational dactors, oil manulacturers, and crew union. A fume event may result 
in incapacitation of crew members and jeopardize flight salety, but some of the consequences of ouch leaks are 
Still subject te debate Immediate satety concerns resulting from an aboermal situation (lure events) should be 
differentiated from any potential short and long-term health effects. 


FFALPA advocates bleed air free design as an ultimate solution. Meanwhile, filters and detection systems should 
be improved and invialled. More information on Calin Fume events can be found in the Briefing Leaflet SHUP- 
BLO3, Cabin Fumes. 

POSITION 

= [FALPRA is calling for better regulatory enforcement in relation to bleed air contamination. 

> Effective and comprehensive reporting of fume events is paramount. 


: A.comprebensive and uniform medical assessment protocol after a fume event should be developed and 
implemented. 


> Crews should be given basic and recument training on fume events. 


» More medical /scientific research and rmsults are needed on the long-term health effects of fume events 
along with clinical and epidemiological correlation. 


> [RAL advocstes bleed air free design as an ultimate solution. Meanwhile, filter and detection systems 
should be improved and installed. 
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Cabin Fumes 


For most modern commercial jet aircraft, cabin air is taken directly from compressors in the engine 
compartments without filtering. Occasionally, oil fumes from the hot section of the engine and/or 
APU leak into this air, resulting in what is known as a fume event. This fact has been recognized by 
regulatory authorities, safety agencies, scientists, airlines, occupational doctors, oil manufacturers, and 
crew unions. A fume event may result in the incapacitation of crew members and jeopardize flight 
safety, but some of the consequences of such leaks are still subject to debate. Immediate safety con- 
cerns resulting from an abnormal situation (fume events) should be differentiated from any potential 
short and long-term health effects. 


OBJECTIVES 
This briefing leaflet focuses on the safety case resulting from a fume event: how to train for, mitigate 
against, and report fume events. 


When a fume event occurs, cabin air contamination can cause short-term physical effects which may 
compromise flight safety. Sufficient scientific concern exists requiring more studies in order to deter- 
mine any short and long-term effects of fume exposures. 


DEFINITIONS USED IN THIS PAPER 
Contaminant: The presence of an unwanted constituent or impurity in the air. 


Odour(s): A particular and distinctive smell. In the context of this position paper, odours can be an 
indicator of bleed air contamination. 


Fume(s): Gaseous, often odorous compounds which are not necessarily visible but may be irritating, 
offensive, or noxious. Fumes may occur in an aircraft when bleed air is contaminated by fluids such as 
engine oil, hydraulic fluid, anti-icing fluid, or other potentially hazardous chemicals. 


Fume event: A period of time, transient or sustained, in which the aircraft occupants are exposed to 
fumes. 


Note: Crew members should not assume that signs of contaminants (e.g. smoke or haze) must be visible 
in order to recognize, assess, and report them. 


Smoke: The product of burning materials made visible by the presence of small particles. 
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Fume Event - A Safety Issue 


> Afume event may result in the incapacitation of crew members 
and jeopardize flight safety 


> Immediate safety concerns resulting from an abnormal situation 
(fume events) should be differentiated from any potential short 
and long-term health effects 


> some of the consequences of such leaks are still Subject to 
debate 


> Various types of fumes may contaminate the air supply system 
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Bleed Air Certification Specifications 


> The airworthiness design standards FAR 25.831 (U.S.) and ae 
CS 25.831 (Europe) contain ventilation specifications. a . 











> “Crew and passenger compartment air must be free 
from harmful or hazardous concentrations of gases or 
vapors.” 


> However, clean air has not been adequately defined. 
This condition must be met at initial design certification 
as well as on an ongoing basis known as ‘continuing 
airworthiness’. 


> There are currently no required methods for air sampling 
after fume events. There is a lack of certification 
specifications for continued airworthiness once engines 
have been installed on the aircraft. 





> Detection systems are also required by FAA & EASA 
Pes OS} 


> these requirements have never been enforced 
regarding bleed air 
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Crew Action 


> Always follow the manufacturer’s 
and/or operator’s procedures. 


> Don oxygen masks 
> Establish communication 


> Follow the associated emergency 
procedures 





IF PERCEPTIBLE SMOKE APPLY IMMEDIATELY: 
@ IF REQUIRED: 


CREW OXY MASKG................... USE/100%/EMERG 
EPR Per verceenve sate cesarean ettanaanteeeecereste csseacs OVRD 
Be NPA gio teihts csceennct dee cceesmanccectey-barcemateusceneunvasms OVRD 
2 nen OFF 
ok 28) |: ae OFF 
CKPTIGAB COM... .csscsssssserscssssserseresserssaress ESTABLISH 


@ |F SMOKE SOURCE IMMEDIATELY OBVIOUS, 
ACCESSIBLE, AND EXTINGUISHABLE: 
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STANDARDIZED SMOKE AND FUMES REPORTING FORM 


ie 
SECTION 1: FLIGHT AND REPORTER DETAILS 
Note: For each question, check ail that apply. if one answer is dominant for a given question, write a * next to that item 
F c t E 
: Flig e(D 2 
o Flight crew 
AC 3 Re me: { i Ww 





> Effective and comprehensive 
reporting system Is required 


> a standardized reporting form 
(ICAO circular 344) is 
encouraged to be used 


> Required reports: 


> mandatory reports, as required by 
the State of the Operator 


> aircraft technical log 
> smoke and fumes reporting form 
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Post Event Procedures 


review the in-flight incident including consultation with the 
flignt and cabin crew as soon as practicable 


Determine whether any crewmember felt unwell, and/or 
whether their performance was adversely affected; 


Require any crewmember who felt unwell, or felt their 
performance was affected, not to operate as a member of 
the crew until they have been assessed as fit by a medical 
practitioner. 


> Ihe medical check should be done as soon as practicable 
after the fume event. 


Fill in required reports 


Follow the recommendations of your doctor, operator, and 
pilot association. 
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Medical Examination After A Fume Event 





> So far no uniform protocol on medical checks after hp ~ 
fume event have been established. Therefore, only ve pen, 
general guidelines on what medical tests shouldbe “_ “ + Af 
performed can be given. 


> Follow your own operator’s procedure if operator 
has one. 





> Additional tests may be performed as part of 
ongoing research. 


> some more specific volatile organic compounds 
tests are under development for fume events, but 
they are not yet In routine use. 
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Medical Examination 


> Clinical history, physical examination, 
including neurological evaluation 


Laboratory tests, depending on the clinical 
Situation, that may include, but are not 
limited to, 


> 


> 


O2-Saturation and arterial blood gas analysis 
(Pa0O2, PaCO2, Ph, HCO3-) 


Hemoglobin, methemoglobin, 
carboxyhemoglobin 


Blood-glucose, lactate, electrolytes 


In case of respiratory problems, spirometry, 
and lung diffusion capacity test 


Any additional tests deemed necessary by the 
treating doctor. 
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Training 


> Basic and recurrent training on fume events 
> Training according to ICAO Circular 344 
A - Sources and types of on-board fumes 


B - Odour descriptors to recognize the presence of oi _ 
hydraulic fluid fumes 


C - Potential for impairment 
D - Procedures to apply during and after fume events 
E - Reporting of fume Events 
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Long Term Health Effects 


e Still unclear whether fume events cause long-term health effects 


> Minimal seal leakage may occur even In normal operations 


> This may explain why only some of the crew experience symptoms whilst 
others remain asymptomatic after a fume event. Those whose 
“Cumulative dose” exceeds a certain threshold may experience symptoms. 


> Genetic differences in metabolism may play a role in the cumulative 
effects 


> |IFALPA awaits further scientific evidence 
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Maintenance 


> Post event maintenance should be 

carried out in accordance with the 

Trouble Shooting Manuals and Aircraft 

Maintenance Manuals (TSM/AMM). 

> These contain appropriate actions regarding 
how to proceed after a fume event, including 
the cleaning of the air conditioning ducts 
when an oil leak has been identified. 


> All maintenance actions shall be clearly 
documented and visible for the next 
operating crew. 


> Avoid overfilling of engine and APU oil 
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New Technologies/ Solutions? 


> Alternatives to bleed air systems 

> Bleed air filtration 

> Fume event detection/monitoring 

> Reduced toxicity oils 

me Separate checklists for fume events 
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Conclusions & IFALPA Position 


>  IFALPA is calling for better regulatory enforcement in relation to 
bleed air contamination. 


> Effective and comprehensive reporting of fume events is 
paramount. 


> Acomprehensive and uniform medical assessment protocol 
after a fume event should be developed and implemented. 


> Crews should be given basic and recurrent training on fume 
events. 





> More medical/scientific research and results are needed on the 
long-term health effects of fume events along with clinical and 
epidemiological correlation. 


>  I|IFALPA advocates bleed air free design as an ultimate solution. 
Meanwhile, filters and detection systems should be improved 
and installed. 
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